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PREFACE 

Owing  to  the  extent  of  the  field  which  has  been  opened  up 
by  stereochemical   research  during  the  past  decade,  a   full 
treatment  of  every  branch  of  the  subject  was  impossible  within 
the  compass  of  the  present  volume.     But  since  Landolt's  book 
on   The  Optical  Rotation  of  Organic   Compounds   has    been 
brought  nearly  up  to  date  and  translated  into  English,  there 
seems  no  necessity  to  deal  with  this  division  of  the  subject  in 
such  detail  as  would  at  one  time  have  been  advisable.     More- 
over, in  other  fields  so  much  work  has  been  done  in  recent 
years  that  it  apfx^ared  desirable  to  treat  these  investigations 
more  fully  than  the  problems  of  optical  activity.     The  arrange- 
ment of  the  material,  and  the  space  allotted  to  each  section, 
have  been  determined  by  these  considerations ;  while  at  the 
same   time  it  is  believed   that   no  essential   point   has  been 
omitted  from  the  following  pages. 

As  it  was  obviously  impracticable  to  mention  every  piece 
of  work  carried  out  within  the  last  twenty  years,  a  selection 
has  been  made  of  those  cases  which  appear  to  throw  most  light 
upon  the  general  lines  along  which  research  in  stereochemistry 
is  advancing  at  the  present  day,  and  the  points  so  chosen  have 
fceen  treated  in  some  detail.  As  some  readers,  however,  may 
be  interested  in  general  principles  only,  and  not  in  tlie  details 
by  which  the  current  theories  have  been  supported,  it  has 
been  deemed  expedient  in  the  case  of  the  chapter  on  Steric 
Hindrance  to  devote  a  section  to  a  summary  of  the  various 
researches  which  are  described  in  detail  in  the  other  sections. 
The  first  and  last  sections  of  this  chapter  together  form  a 
connected  whole,  and  the  rest  of  it  may  be  omitted  by  lV\o^e 
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who  do  not  wish  to  become  ucquainlcd  with  the  minutiiB 
the  research  work. 

The  references  given  are  not  intended  to  be  absoluti 
complete ;  tliey  are  meant  to  act  as  guides  to  the  reader,  rati 
than  as  an  index  to  the  Hterature.  In  passing,  it  may 
observed  that  reference  in  such  a  subject  as  this  would 
greatly  facilitated  if  authors  dealing  with  stereochemical  p 
blems  would  append  a  sub-title  to  tiieir  main  one.  At  press 
many  of  the  ])apers  published  are  concealed  under  out  oftj 
way  names,  which  does  not  increase  the  searcher's  chance 
finding  them. 

The  abbreviations  adopted  in  the  references  are  the  sal 
as  those  used  by  the  Chemical  Society  in  its  fouriiil.  It  tn 
be  pointed  out  that  footnotes  in  this  volume  are  indicated] 
means  of  asterisks;  while,  in  the  case  of  references  lo  ti 
literature,  figures  are  employed.  The  reader  will  thus  be  ab 
to  distinguish  between  a  reference  and  a  footnote,  witho 
having  to  interrupt  his  reading. 

It  has  not  been  thought  advisable  to  include  many  tablt 
in  the  present  book,  as  they  would  have  filled  space  whic 
could  ill  be  spared  :  and  their  presence  would  hardly  ha^ 
compensated  for  the  loss  of  a  corresi>ondiiig  amount  of  tei^ 
Very  complete  tables  of  melting  and  boiling  points  are  give 
by  Werner  in  his  Kttrses  Lthrbtuh  tier  StereocAemu. 

Since  the  arrangement  of  atoms  in  space  governs  ti 
physiological  action  of  many  drugs,  it  has  been  necessary  J 
deal  with  the  matter  in  some  detail.  In  most  works  on  slere 
chemistry  this  part  of  the  subject  is  treated  in  sections  undi 
the  heads  of  the  various  classus  of  isomers;  but,  in  d 
present  volume,  it  seems  better  to  consider  the  relatioi 
between  stereochemistry  and  |jhysio1ogy  in  a  more  counect( 
manner  and  the  question  has  therefore  been  dealt  with  i 
Appendix  A. 

It  may  be  well  to  impress  on  those  who  are  beginning  tl 
study  of  stereochemistry,  that  the  subject  is  niade  much  mo| 
comprehensible  if  models  be  used  instead  of  plane  formulas  ^ 
perspective  drawings.  In  Appendix  B,  directions  are  given  fi 
the  construction  of  several  aids  of  this  description. 
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In  conclusion,  my  thanks  are  due  to  Sir  William  Ramsay, 
K.C.B.,  and  Professor  Collie,  F.R.S.,  who  have  read  the 
manuscript;  to  Mr.  F.  N.  A.  Fleischmann,  for  some  notes  on 
one  of  the  chapters ;  to  Mr.  F.  Sproxton,  for  criticism  of  part 
of  the  work ;  and  to  Mr.  W.  B.  Tuck,  for  reading  the  final 
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STEREOCHEMISTRY. 


INTRODUCTION. 

SiEREOCHEMiSTRY  (oTcpco's,  solid)  deals  with  those  chemical 
and  physical  phenomena  which  are  believed  to  be  caused  by  the 
relative  positions  in  space  taken  up  by  atoms  within  a  molecule. 
This  arrangement  of  the  atoms  is  termed  the  configuration  of 
the  compound ;  and  just  as  we  can  represent  the  constitution  of 
an  organic  compound  by  means  of  its  structural  formula,  so  we 
can  represent  its  configuration  by  means  of  its  space  formula. 
If  we  have  two  compounds  whose  constitutions  are  identical, 
while  their  properties  differ  in  some  respects,  we  conclude  that 
they  must  differ  in  configuration,  i.c,  the  atoms  in  the  two 
molecules,  though  linked  to  one  another  in  exactly  the  same 
way,  lie  in  different  positions  in  space  within  each  molecule ; 
and  such  compounds,  having  the  same  structure  but  different 
configurations,  we  call  stereoisomers. 

It  is  possible  to  imagine  that  the  atoms  in  any  molecule 
may  move  in  one  of  two  ways :  they  may  vibrate  as  chaotically 
as  the  molecules  of  a  substance  in  the  gaseous  state ;  or  they 
may  oscillate  around  certain  centres  which  are  approximately 
stable  with  regard  to  each  other.  As  a  result  of  all  the  research 
in  this  branch  of  chemistry,  it  is  almost  certain  that  the  second 
is  tlie  correct  view.  The  atoms  in  a  molecule  may  be  supposed 
to  be  in  a  state  of  continual  vibration,  but  this  vibration  merely 
carries  them  to  and  fro  about  some  fixed  i)oiiUs,  so  that  at  any 
time  two  atoms  are  within  a  certain  distance  of  one  another, 
and  their  movements  never  withdraw  them  from  each  other  to 
any  appreciable  extent.  It  is  therefore  most  convenient  to 
neglect  these  atomic  motions,  and  deal  with  the  molecule  as  if 
it  were  a  series  of  atoms  whose  positions  with  regard  to  one 
another  vary  only  during  the  course  of  intramolecular  reactions. 

The  foundation    of  stereochemistry  was   laid  by  Ya?>ltwx 

2',     Pt      Cm  «J 
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during  his  researches  on  the  tartaric  acids  in  1861.*  Twelve 
years  later,  VVislicenus^  called  attention  to  the  insufficiency 
of  structural  formulae  in  certain  cases,  and  pointed  out  that 
the  only  improvement  necessary  was  the  extension  of  plane 
formulae  into  three  dimensional  ones.  In  the  following 
year,  two  independent  workers,  van*t  Hoff  ^  and  Le  Bel,*  pub- 
lished papers  in  which  an  explanation  was  given  of  the  optical 
activity  of  certain  comp>ounds.  Baeyer  *  extended  the  explana- 
tion to  some  cases  of  isomerism  in  cyclic  compounds;  and 
•since  that  tinie  the  study  of  the  subject  has  been  steadily 
prosecuted.  In  1891,  Hantzsch  and  Werner®  applied  stereo- 
chemical ideas  to  the  oxime  class  of  compounds;  in  1893, 
Werner  was  able  to  explain  certain  cases  of  isomerism  in 
inorganic  compounds  by  means  of  space  relations;  and  in 
1894,  Hantzsch  '  put  forward  a  theory  of  the  diazo-compounds 
which  made  clear  much  that  had  previously  been  obscure. 
Smiles'*  isolated  in  1900  the  first  optically  active  sulphur 
compound.  Later,  Pope  and  his  students  prepared  active 
compounds  of  selenium  and  tin.** 

We  must  now  consider  the  possible  arrangements  in  space 
of  the  atoms  in  a  molecule  MR4,  where  M  is  a  quadrivalent 
atom  and  the  R's  are  monovalent  atoms  or  radicals. 

Chemical  evidence  has  shown  that  the  structural-formula 

of  methane  is ; — 

H 


H— C— H 

I 
H 


'  Pasteur,  Richcrches  sur  la  dUsy metric  moUculaire  des  produiU  or- 
ganiqtus  naturcls, 

^  Wislicenus,  Annalcfi^  167,  343  (1873). 

'  van't  Iloff,  La  Chimie  dans  PEspace  (1874). 

♦  Lc  Bel,  BulL  Soc.  Chim.,  [2]  22,  377  (1874). 
»  Baeyer,  Ber,,  18,  2277  (1885). 

*  Hantzsch  and  Werner,  //^r.,  28,  11  (1890). 
'  Hantzsch,  Ber.^  27,  1702  (1894). 

•  Smiles,  Trans,,  Tl^  1 1 74  (1900). 

•  Tope  and  Neville,   Trans, ^  81,  1552  (1902) ;   Pope  and  Peachey, 
Proc.y  16,  42,  116  (1900). 
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mA  60m  die  pureljr  structural  point  of  view  such  a  formula  can 

iave  but  one  meaning.     It  indicates  that  each  hydrogen  atom 

is  directly  imiled  to  Ihe  carbon  atom.     When  we  attempt  to 

uiend  this  formula  into  three  dimensions,  we  are  forced  to 

consider  what  positions  in  space  the  four  hydrogen  aioms  will 

occupy,  and  what  relations  these  positions  will  have  to  each 

cither  and  to  the  carbon  atom.     This  problem  is  merely  a 

special  case  of  the  genera)  one  dealing  with  the  space  positions 

of  the  groups  in  the  molecule  MR4. 

Now  in  Ihe  case  of  the  molecule  MR4,  there  are  two  ways 
in  which  the  atoms  R  can  be  arrar^ed :  they  may  all  lie  in 
(Hie  plane,  or  they  may  be  so  placed  that  a  plane  will  contain 
only  three  of  them.  On  further  examination,  it  will  be  seen 
that  each  of  these  possibilities  contains  other  two  alternatives. 
In  the  first  case  {Fig.  i),  the  central  atom  may  either  lie  in 
the  same  plane  as  the  other  four  (1.),  or  it  may  lie  outside 
this  plane  (II.)  :— 

R 

I 

R— M   -R 


(HI.) 
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In  the  second  case,  there  ,tre  again  two  possibilities,  Tor  the 
atoms  must  be  placed  at  the  four  corners  of  a.  tetrahedron,  and 
this  tetrahedron  may  be  either  regular  or  irregular,  W'v  need 
not  consider  the  case  of  the  irregular  figure,  but  will  confine 
our  attention  to  the  regular  tetrahedron  (III.). 

We  have  thus  at  least  three  possible  space  forniulx  for  the 
compound  MR,,  and  it  is  necessary  to  find  some  means  by 
which  we  can  identify  the  true  configuration.  This  we  can  do 
by  seeing  which  formula  is  ca|)able  of  yielding  the  same  number 
of  isomers  as  has  been  found  in  practice  for  the  compound  in 
question.  It  is  found  lliat  compounds  of  tlie  type  MR^X^  t^. 
CH,CI,i  CH,(COOH).,;  CH,(NO,)..n  t-xist  in  one  form  only, 
no  second  isomer  having  yet  been  discovered  in  this  class. 
But  if  we  examine  the  three  types  of  configuration  which  wo; 
have  given  above,  it  will  be  seen  from  Fig.  2  that  (I.)  could 
give  rise  to  two  isomeric  compounds;  (II.)  might  also  produce: 
two  isomers;  while  (III.)  in  Fig.  2a  is  the  only  one  which 
agrees  with  practice.  It  is  llierefore  probable  that  (HI-)  w 
the  true  configuration  of  the  molecule  MR,. 
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It  has  been  observed  that  compounds  of  the  type  ViMbcd 
exist  in  ti^o  isomeric  forms,  and  no  other  isomers  have  yet 

X 


(III.) 
Fig.  2a. 

been  found  in  this  series.     Now  configurations  (I.)  and  (II.) 
each  lead  to  three  isomers  : — 


a 


a 


i-M^c 


b^U—d 


c~U—d 


The  tetrahedral  arrangement,  on  the  other  hand,  yields  the 
correct  number  of  isomers  :-- 


^   3^ 


Fig.  3. 


I 


I 
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It  will  be  noticed  that  these  two  arrangements  ai 
posable  upon  one  another,  but  are  related  to  one  anoQier 
an  object  is  related  to  its  mirror  image. 

We  now  return   to    the  case  of  methane.     Here  we  ii 
dealing  with  the  special  case  in  which  M  is  replaced  by 
carbon  atom  and  R.  by  four  hydrogen  atoms,  so  that  instead] 
of  MRj  we  have  CH^     No  change  in  conliguration  is  likelj' 
to  result  from  this  series  of  substitutions,  which  leaves 
molecule  in  the  original  symmetrical  condition ;  so  methane- 
nted  by  the  following  space  formula  (Fig.  4), 

Having  deduced  the  con- 
figuration of  the  molecule 
MR,,  we  must  now  endea- 
vour to  find  some  explanation 
of  the  tetrahedral  arninge- 
menl  of  the  four  atoms  R, 

If  we  begin  with  van't 
HofTs  theorj-,  we  find  that 
lie  treats  the  carbon  atom  i 
a  material  point  from  which 
the  four  valencies  branch  out 
into  space  toward  the  comets 
of  the  tetrahedron.  It  has 
not  been  definitely  stated  by 
van't  Hoff  that  the  carbon 
atom  is  actually  a  mere  point, 
but  this  conception  appean 
Auwers  '  has  shown  that.  It 
i  accept  this  view,  we  are  at  once  plunged  into  a  series  ot 
assumptions  which  cannot  be  brought  into  line  with  our  present 
dynamical  ideas.  For  instance,  in  the  case  of  the  double  bond 
between  two  carbon  atoms,  we  find  that  it  will  be  represented 
by  the  following  :— 

\     -y    / 
C    C 


to  underlie  some  of  his  writings. 
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That  is  to  say,  we  are  dealing  with  two  forces  acting  from  two 

poJDts,  and  these  forces,  instead  of  acting  along  the  straight 

Jine  joining  the  two  points,  act  through  space  in  such  a  way  as 

to  make  an  angle  with  each  other.     As  Lossen  has  pointed 

out,'  this  implies  that  the  valencies  of  the  atom,  as  well  as  the 

atom  itself,  must  have  a  definite  position   in  space.     Such 

forces,  however,  are  inconceivable  in  accordance  with  modem 

views ;  and,  as  we  cannot  bring  the  idea  of  the  double  bond 

resolving  itself  into  a  single  line  of  force  into  accordance  with 

fiicts  to  be  dealt  with  in  Section  I.  of  this  book,  we  are  forced 

to  reject  the  van't  HofT  conception  as  insufficient. 

Many  investigators  have  endeavoured  to  explain  the  origin 
of  the  tetrahedral  grouping  by  assuming  that  the  carbon  atom 
is  a  material  body  of  a  certain  shape  and  size.  It  is  not 
necessary  to  deal  with  these  views  here.  Reference  may  be 
made  to  the  work  of  Wunderlich,^  Auwers,^  Wislicenus,*  V. 
Meyer  and  Riecke,*  Naumann,*  Sachse,^  Erlenmeyer  junior,** 
VorlaUider  and  Mumme,'  Vorlander,*®  Knorr,"  Vaubel,'"^  Knoe- 
venagel,"  Blocb,"  and  P.  de  Heen." 

Le  Bel  '*  put  forward  the  following  explanation  of  the 
tetrahedral  grouping.  He  assumes  that  if  two  atoms  come 
within  each  other's  sphere  of  attraction,  they  will  approach 
one  another,  but  that  when  they  come  within  a  certain  distance 
a  new  repulsive  force  comes  into  play  which  holds  them  apart ; 

'  Lossen,  AnnaUn^  204,  336  (1880)  ;  Ber.,  20,  3306  (1887). 

•  Wunderlich,  Konfiguration  Organischer  Molekiile  {\%^). 

•  Axxytcts,  Die  Entwuklung  der  StereochemUj  P-  3'  (1890). 

•  Wbliccnus,  Ber.,  21,  581  (1888). 

•  V.  Meyer  and  Riecke,  Ber.,  21,  946  (1888). 

•  Naumann,  Ber.^  28,  477  (1890). 

»  Sachse,  Ber.,21,  2530(1888) ;  Ztrif.  Physikal,  Chem.,  11,  185  (1893). 

•  Erlenmeyer,  jun.,  Annaiettj  816,  71  (1901). 

•  Vorlandcr  and  Mumme,  Ber.y  38,  1470  (1903). 
'•  Vorlander,  Annaletty  320,  99  (1902). 

"  Knorr,  AnnaUn,  279,  202  (1894). 

»'  Vanbel,  Che/n.  Zeit.,  21,  96  (1897). 

»»  Knoevenagel,  Annaien,  811,  194  (1900)- 

"  Bloch,  Alfred  IVerners  Theone  der  Kohknstoffatoms  (1903). 

'*  de  Hcen,  BulL  Acad.  Roy,  Bclg.,  1904,  285. 

"  Lc  Bel,  BuIJ.  Sat.  CA/m.,  [j]  3,  78S  (tSgo). 


and  for  the  sake  of  simplicity  he  makes  ihe  further  suppositktt: 
that  the  range  of  action  of  this  force  may  be  represented  by  a 
sphere.  Now,  on  this  hypothesis,  the  four  atoms  which  are 
united  lo  ihe  central  carbon  atom  of  a  carbon  compound  will 
lend  to  approach  the  central  atom  until  the  attractive  and 
repulsive  forces  acting  upon  them  are  equally  balanced ;  and 
similar  effects  will  be  produced  by  the  action  of  each  atom 
upon  its  neighbours.  Thus  all  the  atoms  will  be  held  at  dis- 
tances from  each  other  bounded 
by  their  repulsion  spheres.  If 
we  now  assume  the  repulsion 
spheres  of  the  atoms  to  be 
such  a  size  that  the  centres  of 
three  of  them  lie  in  the  angles 
of  a  triangle  ABC,  which  is 
equal  to  one  face  of  a  tetra- 
hedron concentric  with  the  re- 
pulsion sphere  of  the  carbon 
atom,  then  the  cefitre  of  the  fourth  atom  will  take  up  the 
position  D  and  the  telrahedral  groupiajr  will  be  obtained. 

Werner '  has  brought  forward  a  theory  which,  though  some- 
what difficult  to  grasp,  appears  to  be  the  best  which  has  yet 
been  put  forward.  He  makes  the  simplest  assumption  of  all 
by  supposing  that  chemical  albnity  is  a  force  which  acts  from 
the  centre  of  any  atom  towards  every  point  on  the  surface  of  a 
sphere  at  whose  centre  the  atom  lies.  Valency,  on  this  view, 
is  an  empirical  numerical  relation,  not  dependent  upon  one 
atom  alone,  but  upon  the  nature  of  all  the  atoms  in  the 
molecule.  The  valency  of  the  carbon  atom  is  reckoned  as 
four,  since  no  compound  is  known  in  which  one  carbon  atom 
is  directly  united  to  more  than  four  other  atoms.  If  all  atoms 
Ije  spherical  in  shape,  these  four  atoms  will  take  lip  positions 
in  the  corners  of  a  tetrahedron  circumscribed  about  the  carbon 
atom,  for  in  this  position  each  will  secure  a  greater  exchange 
of  affinity  between  itself  and  the  central  carbon  atom  than 
would  be  possible  in  any  unsymmelrical  arrangement 


'  Werner,  BfUrdgi  lur  Thcorii  dtr  Aj^mlat  und  Valaa, 
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In  the  following  chapters  an  account  will  be  given  of 
the  application  of  stereochemical  views  to  actual  chemical 
problems;  and,  where  it  is  necessary,  the  foregoing  theories 
will  be  reexamined  in  the  light  of  the  evidence  which  will 
then  be  brought  forward. 
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PART  I— OPTICAL    ACTIVITY. 
CHAPTER   I. 

THE   ASYMMETRIC   CAKBON   ATOM. 

§    I.  — GENERAL   CHARACTERISTICS  OF  OPTICALLY 
ACTIVE   COMPOUNDS. 

In  a  ray  of  ordinary  light  the  vibrations  of  the  elher  lake  place 
in  all  directions  in  a  pbne  perpendicular  to  the  direc 
which  the  light  is  Iransmitled  :  hut  when  the  light  is  polar* 
ized,  these  vibrations  of  the  ether  particles  are  confined  I 
one  plane.  In  other  words,  in  a  ray  of  ordinary  light  I 
vibrations  are  evenly  distributed  around  the  axis  of  the  my, 
which  is  not  the  case  with  the  light  after  it  has  undergons 
polarization.  The  plane  in  which  the  ray  is  polarized  is  called 
\\s  plane  of  polarisation. 

We  may  make  the  matter  clearer  by  describing  certain 
phenomena  which  have  been  observed  in  ihe  behaviour  ( 
tourmaline.  Tourmaline  is  a  transparent  mineral  of  a  very 
finely  foliated  structure.  If  two  thin  plates  of  tourmaline  b 
held  parallel  to  one  another,  light  will  pass  through  ibem  ;  and 
by  sliding  one  round  on  the  top  of  ihe  other,  while  still  keep- 
ing them  ]Kirallel,  an  irurrease  or  decrease  in  ihe  li^jht  passiW 
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through  may  be  produced.  It  is  found,  further,  that  at  one 
point  in  the  revolution  no  light  at  all  comes  through, 
while  the  position  of  greatest  illumination  is  obtained  by 
revolving  one  of  the  plates  through  90*^  from  the  position  of 
total  darkness.  This  is  explained  in  the  following  manner. 
If  we  suppose,  merely  for  the  sake  of  clearness,  that  the 
light  passes  through  the  spaces  between  the  tourmaline 
leaves,  and  is  absorbed  by  the  leaves  themselves,  it  will  be 
shown  below  that  the  light  which  emerges  from  the  first 
tounnaline  crystal  will  be  vibrating  in  planes  at  right  angles 
to  the  leaves  of  the  tourmaline  plate.  The  light  has,  there- 
fore, been  polarized  by  its  passage  through  the  tourmaline ; 
^d  in  the  emergent  ray  all  vibrations  have  been  stopped 
except  those  which  the  parallel  spaces  in  the  tourmaline 
allowed  to  pass.  If  we  now  introduce  into  the  path  of  the 
polarized  ray  a  second  tourmaline  plate,  three  positions  are 
possible.  We  may  place  it  so  that  its  leaves  lie  parallel  to 
those  of  the  first  plate :  in  which  case  all  the  light  coming 
from  the  first  plate  will  pass  directly  through  the  second.  Or 
*e  may  place  the  leaves  of  the  second  plate  perpendicularly 
to  those  of  the  first :  in  which  case  no  light  will  be  able  to 
roake  its  way  into  the  second  plate.  Or,  lastly,  we  may  incline 
the  second  plate  to  the  first  plate  at  an  angle  of  less  than  a 
right  angle.  In  this  case  only  part  of  the  light  will  make  its 
way  through. 

A  rough  illustration  may   be   given.      If  the  tourmaline 
plates  be  represented  by  two  books,  the  leaves  of  the  books 
representing  the  leaves  in  the  tourmaline  plate,  we  may  repre- 
sent the  incident  ray  of  light  by  means  of  a  pencil.     It  is 
obvious  that  we  cannot  push  the  pencil  through  the  first  book 
without  disturbing  the  leaves  to  a  considerable  extent.     But 
if  we  could  whittle  down  the  pencil  into  a  flat  object,  it  would 
then  pass  through  easily.     Let  us  pass  a  paper-cutter  into  the 
first  book  to  represent  the  ray  of  polarized  light.     Now,  if  we 
bring  the  leaves  of  the  second  book  parallel  to  those  of  the 
first  one  (Fig.  6),  we  shall  find  that  the  paper-cutter  will  pass 
through  the  second  book   easily ;   whereas,  if  we  bring  the 
leaves  of  the  second  book  at  right  angles  to  those  of  the  firsts 
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!  paper-cutter   will    refuse  to    pass    into  ihe   second    book 
(Fig.  7). 


It  has  been  found  possible  to  produce  waves  in  the 
ether  of  very  much  greater  length  than  those  of  light,  by 
causing  sparKs  to  pass  between  the  knobs  of  Leyilen  jars. 
These  "  Hertzian  Waves,"  as  they  are  named  from  their 
coverer  Hertz,  are  also  capable  of  polariaition,  reflection,  etc., 
like  waves  of  ordinary  light ;  and  they  are  polarized  by  passage 
through  objects  like  the  leaves  of  a  book,  placed  as  in  the 
diagram.  But  it  has  been  found  that  when  the  leaves  of  the 
book  are  af  right  angles  to  the  plane  of  vibration  of  the  waves, 
ihey  are  transmitted ;  if  they  are  paralltl,  currents  are  pro- 
duced in  each  leaf,  so  that  the  ethereal  impulse  is  absorbed. 
And  as  light  waves  are  believed,  and  indeed  have  been  shown 
by  Clerk  Maxwell,  to  be  qualitatively  identical  with  electric 
waves,  it  is  certain  that  light  waves  pass  through  tourmaline 
when  the  stratification  of  the  mineral  is  at  right  angles  to  their 
plane  of  vibration.  This  explanation  does  not  in  any  way 
alter  the  general  result  as  regards  transmission  ;  but  it  gives 
the  reason  why  absorption  of  light  takes  place,  namely,  that 
when  absorbed  it  is  transformed  into  currents  which  find 
closed  drcuit  within  the  molecule. 

It  has  been  found  Ihat  when  a  ray  of  polarized  light  is 
passed  through  certain  media,  the  plane  of  polarization  is 
turned  through  a  certain  angle  ;  and  substances  which  possess 
this   property  are   termed   optically   active.     Arago,   in    i 
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obsened  the  phenomenon  in  ihe  case  of  quartz ;  while  four 

years  later  Biot  and  Seebeck,  by  their  discovery  that  certain 

organic  bodies   also   were  capable  of  rotating   the  plane  of 

polarization,  opened  up  a  new  field   in   chemistry.     It  soon 

became  possible  to  divide  optically  active  substances  into  two 

classes :  those  which  possess  the  property  only  when  in  the 

y^M  condition,  and  those  which  retain  it  even  when  fused, 

dissolved  or  vaporized. 

To  make  this  clear,  one  or  two  examples  may  be  described. 
Quartz  in  the  crystalline  form  is  optically  active,  but  if  it  be 
dissolved  and  precipitated  as  amorphous  silica,  it  has  in  that 
state  no  action  upon  polarized  light.  Sodium  chlorate,  sodium 
bromate,  and  ammonium  lithium  sulphate  are  all  active  when 
crystalline,  but  lose  their  activity  on  being  dissolved  in  water. 
On  the  other  hand  pinene  may  be  dissolved  or  vaporized 
without  losing  its  activity. 

Thus  it  would  seem  probable  that  in  the  former  cases  the 

action  on  polarized  light  is  due  merely  to  the  crystalline  form 

of  the  substance,  while  in  the  case  of  pinene  it  is  caused  by 

some  peculiarity  of  the  molecular  structure  of  the  active  body. 

This  peculiarity  in  molecular  structure  was  shown  by  Pasteur 


Fig.  8. 


to  have  a  connection  with  the  crystalline  form  of  many  substances 
capable  of  routing  the  plane  of  7:>o]ariza  I  ion  ;  in  the  covus^  ol 
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his  work  upon  the  tartaric  acids '  he  showed  that  such  bodies 
crystalhze  in  hemihedral  form,  and  consequently  such  a  crystal 
and  its  mirror  image  would  not  be  superposable  on 
another.  'I'he  crystal  and  another  crystal  identical  with  the 
mirror  image  of  the  first  would  be  enantiomorphous. 
two  figures  above  show  the  ends  of  two  crystals  of  sodium 
ammonium  tartrate  (Fig.  8). 

Walden  ^  slates  that  hemihedrisra,  though  it  often  accotn-. 
panics  optical  activity,  is  not  necessarily  exhibited  by  active 
substances  ;  but  Traube  ^  maintains  that  in  the  exceptional 
cases  the  crystallographic  character  of  the  substances  has  not 
been  determined. 


\   II.   SPECIFIC  AXD  MOLECULAR  ROTATION. 

Biol '  found  that  the  angle  of  rotation  produced  in  the  planA 
of  polarization  by  the  introduction  of  an  active  substance  into 
the  apparatus  was  dependent  upon  three  factors  : — 

1.  The  wave-length  of  the  light  used. 

2.  The  temperature  of  the  substance. 

3.  The  thickness  of  the  layer  of  substance  through  which 
the  light  was  passed. 

In  order  to  be  able  to  compare  his  observations  with 
another,  he  reduced  them  to  a  common  scale,  choosing  as 
his  standard  of  specific  rotation  the  rotation  caused  by  the 
substance  under  examination  when  one  cubic  centimetre  of 
liquid  contained  one  gramme  of  the  substance  either  in  the 
liquid  or  dissolved  condition,  and  the  light  was  passed  through 
a  layer  of  the  liquid  one  centimetre  in  length.  The  light 
usually  chosen  is  the  D  li[ie  of  the  spectrum.  This  specific 
rotation  is  usually  designated  by  the  symbol  [u]. 

To  calcubte  [a]  for  a  given  wave-length  of  light,  at 
temperature  /  where  /  is  the  length  in  centimetres  of  the  liquid 

■  Pasieur,Cs*«//.t«HU'., 86, 535(1848);  87,401(1848);  88,180(1853). 
'  Walden,  B/r.,  89,  1691  (1896) ;  30,  gS  (1897). 
'  Tiaubc,  /y*-'-..  29.  2446(1896)1  80,288(1897). 
'  Biol,  McM.  d,  rAi.iJ..  8,  41,  yl. 
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layer,  i  the  weight  in  grammes  of  the  substance  contained  in 
ooe  cubic  centimetre,  and  a  the  angle  of  rotation  measured  in 
the  polarimeter  under  these  conditions,  we  have  : — 


(A) 


When  the  specific  rotation  is  multiplied  by  the  molecular 
weight  of  the  substance,  the  product  is  called  the  substance's 
moUcukr  rotation.  It  is  customary  to  use  only  a  hundredth 
of  the  actual  number,  in  order  to  avoid  too  large  numbers. 
This  hundredth  part  is  represented  by  the  symbol  [M]. 

When  dealing  with  solid  substances,  these  formulae  are 
slightly  modified.  The  solid  is,  of  course,  dissolved  in  some 
liquid,  and  the  assumption  is  made  that  the  rotatory  power  is 
proportional  to  the  concentration  of  the  solution.  We  may 
call  this  concentration  "  ^,"  and  measure  it  by  the  number  of 
grammes  of  the  active  substance  which  are  present  in  100  c.c. 
of  solution.     We  should  then  find  that  Formula  (A)  becomes: — 


100.  a 


This  formula  in  turn  may  be  further  modified  if  we  consider 
that  the  concentration  can  be  found  by  multiplying  together 
"^,"the  density  of  the  solution  with  regard  to  water  at  4°  C, 
and  "^  "  the  percentage  of  active  compound  by  weight  in  the 
solution.    The  new  formula  would  be  : — 

r  T '         100  .  a 

K  =/.</.> (C) 

Specific  rotation,  however,  is  not  a  constant  number,  but 
tiepends  upon  several  factors — 

1.  The  concentration  of  the  solution. 

2.  llie  nature  of  the  solvent. 

3.  The  temperature  at  which  the  observation  is  made. 
These  points  will  be  considered  later.* 


♦  See  Chapter  IX.  of  this  Part. 
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5    Hi,   TifE   STRUCTURAL   CHARACTER   OF  Tilt 
ASYMMETRIC  CARBON  ATOM. 

A  carbon  atom  is  said  to  be  asymmetric  when  all  the  four 
groups  lo  which  it  is  attached  differ  from  one  another  either 
in  their  chemical  or  structural  nature.  For  instance,  in  the 
following  i-ompounds  the  atom  marked  with  an  asterisk  is 
asymmetric:  — 

^C>H  V-COOH 

^COOH  ^CHjCOOH 

CH,— CO        CH(CH,),  CH— CH,      H 

/         \/  y        \ / 

CH^CH  C'  CH,C  C^ 

CH.— CH,       H  Vh,— CH.     C,H, 

Mohr'  prefers  to  define  an  asymmetric  carbon  atom  as  one 
through  which  no  plane  of  symnit.*iry  can  be  drawn. 

5   IV.   OPTICAL   ACTIVITY  IN  ITS  RELATION  TO   THS 
ASYMMETRIC  CARBON  A1VM. 

As  the  result  of  all  research  up  to  the  present  day,  it  maj, 
be  said  that  wherever  optical  activity  has  been  delected  in  a 
carbon  comjxiund,  one  at  least  of  the  carbon  atoms  *  in  thftt 
compound  has  been  found  to  be  asymmetrical.  I'he  veif. 
rare  exceptions  lo  this  rule  will  he  dealt  with  hter.  Further 
(excluding  the  special  cases  just  mentioned),  no  case  has  yet 
been  authenticated,  in  which  a  compound  known  to  contain  no 
asymmetric  carbon  atom  has  been  obtained  in  an  active  form. 
Lastly,  if  an  active  body  containing  an  asymmetric  carbon  atom 
be  so  treated  lliat  tlie  asymmetry  disap[jcars,  the  activity  also 

'  Mohi,  y.  fir.  dm..  [J]  81,  369  (igoj). 

*  In  ceriiLin  cases  ujmmvliic  sulphur,  ulcnium,  silkun,  niltu£cn  or  t« 
«loin»  oiii  tvplacc  catbwi. 
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ceases.  For  example,  amyl  alcohol  with  the  formula  given 
below,  is  optically  active  and  contains  an  asymmetric  carbon 
atom.  If  the  hydroxyl  group  be  replaced  by  hydrogen,  the 
activity  vanishes  : — 

CH3       H  CH:i       H 

V  V 

CaHj      CHaOH  C2H5      CH3 

Active.  Inactive. 

Malic  acid  furnishes  an  even  better  example,  for  here  all  the 
four  groups,  attached  to  the  asymmetric  carbon  can  be  easily 
replaced  by  others.  It  has  been  found  that  mere  substitution 
alone  will  not  destroy  the  activity  unless  the  asymmetry  be  also 
lost  Several  active  derivatives  may  be  mentioned — bromo- 
succinic  acid,  amidosuccinic  acid,  the  esters  of  malic  acid  and 
its  amides.  When,  however,  the  hydroxyl  group  is  replaced  by 
a  hydrogen  atom,  asymmetry  vanishes,  and  no  active  substance 
can  be  extracted  from  the  resulting  compound. 

It  has  been  found  that  each  optically  active  compound  has 
an  isomer  which,  while  resembhng  it  closely  in  most  properties, 
differs  from  it  inasmuch  as  the  effect  of  the  second  isomer  upon 
the  plane  of  polarization  is  equal  and  opposite  to  that  of  the  first. 

When  a  compound  whose  molecule  contains  only  one 
asymmetric  carbon  atom,  is  inactive,  it  is  found  that  instead  of 
being  a  simple  substance,  the  body  is  really  a  mixture  of  the 
two  opposite  isomers  in  equal  proportions.  These  inactive 
compounds  are  termed  racemic  from  the  fact  that  racemic  acid 
was  the  first  of  the  class  to  be  investigated ;  and  the  prefix 
r-  is  sometimes  employed  to  distinguish  them  from  the  active 
isomers,  which  are  called  dextro-  or  Icnw-  *  according  as  they  are 
similar  to  or  different  from  dextro-tartaric  acid  in  molecular  form. 

As  far  as  our  present  knowledge  extends,  it  would  seem 
that  the  slightest  differences  in  chemical  nature  between  the 


•  Usually  abbreviated  to  d-  and  /- ;  the  racemic  form  l)eing  distinguished 
by  the  prefix  r-,  and  the  symbol  dl-  being  used  to  indicate  a  mixture  of  the 
two  sntipodes. 

T.  P.  C.  r 
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groups  attached  lo  the  asymmetric  carbon  atom  suffice  10 
produce  optical  activity.  Snarts '  has  shown  that  bromo-cUoro 
fluoro-acetic  acid : — 


can  be  obtained  in  active  forms. 


5  V.  THE  NUMBER  AXD  CHARACTER  OF  /.sOAfERS 
CONTAINIXG  OXE  OR  MORE  ASYA/.tfl-lTRIC  CAR- 
SON ATOMS. 

According  to  the  Van't  Hoff-I^  Be!  theory,  compounds  fA\ 
the  type  Q.abcd  with  one  asymmetric  carbon  atom  may  b« 
represented  by  the  following  configurations  : — 


In  the  one  case  the  atoms  arc  arranged  in  one  direction  rouixi 
the  base  of  the  tetrahedron  representing  the  carbon  atom,  in 
the  other  they  are  arranged  in  the  opposite  direction.  Now 
let  the  absolute  rotation  of  the  complex  group  — Qtxd  be  called 
A.  Then  the  two  radicals  will  have  rotations  of  —  A  and  +  Aj 
Passing  lo  the  case  of  a  compound  with  two  asymmetric 
carbon  atoms,  say  hcdC—Qefg,  and  supposing  that  the  group 
— Cefg  has  a  rotatory  power  of  +  B,  wc  find  that  there  is  now 
a  possibility  of  four  different  isomers  which  can  be  represented 

byi- ^ 

^^  ■  SwarU,  Bull.  Aead.  Roy.  Btlg.,  [3]  81,  38  (1S96). 
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I.  4- A  2.   4- A  3.   —A  4.   —A 

+  B  -B  +B  -B 

Two  of  these,  Nos.  i  and  4,  possess  equal  and  opposite  rota- 
tions, and  the  same  is  true  for  Nos.  2  and  3.  Hence  equi- 
molecular  mixtures  of  No.  i  with  No.  4  and  No.  2  with  No.  3 
will  be  inactive ;  though  each  molecule  contains  an  asymmetric 
carbon  atom. 

Dealing  in  a  similar  manner  with  the  case  where  there  are 
three  asymmetric  carbon  atoms  in  the  compound,  we  find  that 
eight  isomers  are  possible ;  and  if  the  compound  be  : — 

bcdQ—C(ef)—Cgfik. 

where  the  rotations  of  the  three  complex  groups  are  A,  B,  and 
C,  we  have  the  following  scheme  : — 

I.   4- A         2.   +A         3.   +A         4.   +A         5.   -A 
+  B  +B  -B  -B  +B 

+  C  -C  +C  -C  -fC 

6.   -A  7.   -A  8.   -A 

+  B  -B  -B 

-C  -C  -C 

Here,  as  in  the  last  case,  a  mixture  of  No.  i  with  No.  8 
would  be  optically  inactive,  as  would  No.  2  with  No.  7,  No.  3 
with  No.  6,  and  No.  4  with  No.  5. 

From  these  examples  the  reader  can  work  out  for  himself 
the  relationships  between  the  isomers  with  four,  fis^^  or  more 
asymmetric  carbon  atoms  in  the  molecule. 

So  far  we  have  been  considering  the  case  of  compounds 
with  an  asymmetrical  structure  formula ;  but  now  we  must  deal 
with  molecules  of  the  type  bcdd — Qbcd,  It  is  evident  that  in 
this  case  the  number  of  different  isomers  will  not  be  so  great, 
since  some  of  the  configurations  will  be  identical  with  one 
another.  Recurring  to  the  case  of  the  compound  bcdQ — ^cfg^ 
since  the  group  — tfg  is  here  replaced  by  — Qbcd^  the  rotation 
B  is  also  replaced  by  A.  Hence  the  four  formulae  already 
arrived  at  for  an  unsymmetrical  ch2Lin,  become  : — • 
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+A  J.    -I-A  5.   -A 

+A  -A  +A 


Here  Nos.  a  and  3  are  identical  and  inactive  ;  No.  1  lias  a 
rotation  equal  to  twice  A,  while  No.  4  has  an  equal  and' 
opposite  rotatory  power.  It  must  not  be  concluded  that  the, 
form  expressed  by  Nos.  x  and  3  is  a  racemic  form,  i.e. 
which  is  capable  of  separation  into  two  other  isomers  of  equal 
and  opposite  rotation.  Its  inactivity  is  not  caused  by  thtt 
mixture  of  two  optical  antipodes,  but  is  due  to  internal  d 
fCHtatioii — one  half  of  the  molecule  tending  to  turn  the  planQ 
of  polarization  to  the  right,  while  the  other  half-molecule  tumi 
it  to  the  left 

The  some  process  for  discovering  the  number  of  possibly 
isomers  can  be  applied  to  any  compound  of  the  type  : — 

as  it  is  merely  a  repetition  of  the  same  case.     An  investigalii 
of  the  general  case  gives  the  following  result  :— 

If  «  =  number  of  asymmetric  carbon    atoms  in  the  coi 
pound, 
N  =  „  possible  isomers, 

/  =  ,,  inactive  (internally  compensated)  forms, 

a  =  „  active  (anlipodic)  forms, 

c  forms. 


Class  I.  n  even  or  odd :  structural  formvila  not  divisible 
into  two  halves. 

Class   II.    II  even:   structural  formula   divisible  into  two 


L 


N  =2"-'4-a'     ;  ffl  =  a--';  (=  a" 

Class  III.  n  odd:  structural  formula  divisible  into  halrei 
if  middle  carbon  atom  be  excluded. 
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§   VI.     PSEUDO-ASYMMETRY. 

Hitherto  we  have  considered  compounds  of  symmetrical 
structure  which  contain  one,  two,  four,  or  any  higher  even 
number  of  asymmetric  carbon  atoms.  The  case  of  a  com- 
pound with  three  asymmetric  carbons  differs  from  those 
already  described,  owing  to  the  possible  occurrence  of  a 
different  kind  of  asymmetry.  An  example  of  this  class  is  to 
be  found  in  compounds  of  the  type  abeC — Cde — Cabc,  If  an 
observer  could  be  stationed  on  the  central  carbon  atom  of  the 
chain,  he  might  find  by  looking  to  his  right  hand  that  the  order 
in  which  a,  b,  and  c  were  arranged  round  the  axis  of  the  mole- 
cule was  the  same  as  that  which  he  saw  in  the  groups  about 
the  carbon  atom  on  his  left  hand.  In  that  case,  obviously  the 
central  carbon  atom  would  not  be  asymmetric.  But  if,  on  the 
contrary,  he  looked  to  his  right  and  saw  the  atoms  arranged 
as  in  Fig.  lo;  while  on  the  left  they  were  arranged  as  in 
Fig.  II,  it  would  be  obvious  that  the  carbon  atom  on  which 


Fig.  io. 


Fig.  II 


he  was  situated  was  not  symmetrical,  although  it  was  joined  to 
two  structurally  symmetrical  groups.  Such  a  case  is  named 
Psetkia-asymmetry*  and  for  the  sake  of  clearness  wc  shall 
indicate  the  pseudo-asymmetric  carbon  atom  by  the  symbol 
Ps,  and  its  activity  by  Ps  +  and  Ps  — . 

In  the  case  of  the  compound  abcC — die — Cabc,  making 
the  same  assumptions  as  in  the  previous  cases,  we  have  four 
possible  isomers : — 


VstVLdO'Sksymmetry  does  not  necessarily  involve  optical  aclivily. 


I 


The  first  two  con  ligu  rat  ions  represent  two  non-superposable  I 
mirror -images ;  and  are  therefore  optical  anti|>odes. 
third  and  fourth  ty|>es,  however,  are  not  mirror-images,  nor  1 
are  they  active  compounds.  They  represent  a  new  class  of 
isomers.  A  further  detailed  consideration  of  this  subject  h  at 
present  unnecessary.  It  will  be  sufficient  to  point  out  that  in 
the  case  of  a  compound  of  the  type  nicC — Qdi—Qefg,  when 
the  two  groups  "rf"  are  structurally  identical  but  asymmetri- 
cally arranged,  there  is  a  possibility  of  two  pseudo-asymmetric 
isomers  and  eight  others  in   which   pseudo-isomerism   is  not 


5  VII.  THE  GRAPHIC  REFHESEXTATIOX  OF  THE  COS- 
FICVRATIONS  OF  ^iYSTEMS  CONTAINING  SEVERAL 
ASYMMETRIC    CARBON   ATOMS. 

In  order  to  obtain  a  clear  conception  of  the  space  relations 
of  compounds  containing  several  asymmetric  carbon  atoms,  it 
is  necessary  in  most  cass;s  to  use  models.  Several  of  these  are 
described  in  Appendix  B.  It  is  not  always  possible,  however, 
to  have  a  model  at  hand,  and  it  is  therefore  desirable  to  lind 
some  method  by  wliich  the  results  obtained  by  using  a  model 
may  be  transferred  to  paper.  The  signs  used  in  the  preceding  J 
sections  are  not  sufficient,  as  they  give  no  clue  to  the  stctiial| 
space  arrangements  of  the  atoms. 

The  configuration  formuliE  devised  by  Fischer  arc  utniallfl 
employed.  The  method  by  which  they  are  deduced  from  thel 
actual  model  will  be  understood  if  we  lake  the  case  of  tartaric^ 
acid  as  an  example.  The  model  is  built  up  from  tetrahedisl 
in  the  usual  manner,  and  k  then  laid  upon  a  sheet  of  paper! 
in  such  a  way  ihat  the  four  carbon  atoms  lie  in  a  plane* 


'  Fischci  us*i  indiaiubbcr  mojcls  >vliit!i  can  U-  ['lesscU  down  until 
rour  cubon  atums  lie  id  a  line  upoti  the  pii|«r.      (lis  methoil  Isuls  lo. 
le  tetiult  at  ihat  dekciibvd  above. 


allfl 
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pendicular  to  the  surface  of  the  paper,  while  the  hydrogen 
US  and  hydroxyl  groups  He  above  the  plane  of  the  paper 
:  Fig.  12).  The  relative  positions  of  the  groups  are  then 
jected  upon  the  paper  as  shown. 


COOH 


H— C— OH 
H 


I 


C— OH 

I 
COOH 


OH 


COOH 


HO— C— H 


H— C-OH 

I 
COOH 


COOH 


H— C-OH 


HO— C— H 

I 
COOH 


Fig.  12. 
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Formuhe  of  this  kind  enable  us  to  decide  at  once  K 
or  not  3  compotind  with  a  given  configuration  is  i 
inactive.     If  the  model  possesses  a  plane  of  symmetry — i^ 
it  can  be  divided  into  two  halves  symmetrically  placed  * 
regard  lo  each  other^then  it  represents  an  inactive  compound  1 
while  if  it  has  no  such  plane  of  symmetry  it  will  be  active 
For  instance,  the  first  of  the  two  following  compounds  : 
ind  inactive  ;— 


COOH 
I 
-C— OH 


COOH 

(inactive) 


Owing  to  the  fact  that  such  a  formula,  when  written  in  fuU^ 
jj^upies  B  considerable  space,  Meyer  and  Jacobson' suggi 


'  Meyer    and  Jncolnon,    Lihrbueh    Jtr   frgaHutici    Cktmie    (Eitti 
Auflage),  i.  9<H- 


I 
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that  the  asymmetric  carbon  atoms  might  be   left  unpiinted. 

With     their    scheme,    the    above    two    formulae    would    be 

irritten : — 

COOH  COOH 

HO-  !  -H  H-  !  -OH 

H-  I  -OH  H-  ;  -OH 

COOH  COOH 

It  is  usual  to  adopt  this  method,  but  for  the  sake  of  com- 
pactness the  lines  are  omitted  and  the  two   formulae  written 

thus : — 

COOH  COOH 

HO.H  H.OH 

H.OH  H.OH 
COOH  COOH 

Even  in  this  form  such  formulae  would  be  too  clumsy  for 
many  purposes,  and  Fischer  ^  has  proposed  a  species  of  nomen- 
clature which  appears  more  suitable.  He  uses  the  signs  -f- 
and  — ,  not  in  the  sense  we  have  already  given  them  in  the 
preceding  sections,  but  simply  to  denote  whether  a  substituent 
lies  on  the  right  or  the  left  side  of  the  configuration  formula. 
The  formula  is  to  be  written  so  that  in  the  sugars  the  aldehyde 
group  occupies  the  top  line,  while  the  carboxyl  group  in  the 
monobasic  acids  is  also  placed  in  that  position.  The  carbonyl 
group  in  ketoses  is  placed  in  the  second  line  from  the  top. 
The  counting  begins  from  the  top  line,  and  the  sign  -|-  or  — 
denotes  the  position  of  the  hydroxy  1  group.  As  examples  of 
this  we  may  quote  one  or  two  compounds  : — 

CHO  CH.OH 

H.OH(-f)  CO 

HO.H     (-)  HO.H     (-) 

H.OH(-f)  H.OH(-f) 

H.OH(-f)  H.OH(-f) 

CH,OH  CH.OH 

d'-Glucose  or  ^-Fructose  or  *-, 

Hexanpentolal  -^ h  -f-        Hexanpentol-2-on  — f-  -f 

*  Fischer,  Ber.,  27 t  Ji8g  (1894). 


I 


COOH 

H.OH{+) 

HO.H     (-) 

H.OH{-|-) 

H.OH  (+) 

COOH 
(/-Saccharic  acid  or 
Hexantetroldicarboxylic  acid  -f- - 

Still  another  system  of  nomenclature  has  been  put  forward 
by  Maquenne.'  He  suggests  numbering  the  carbon  atoms  io 
any  compound,  and  writing  all  the  numbers  of  those  asymmetric 
caTbon  atoms  which  have  their  hydroxyl  groups  on  one  side  of 
the  configuration  formula  above  a  linej  while  the  others  ax. 
written  below ;  e.g.  iZ-glucose  is  ; — 


=1 


OH  H   OH  OH 

(.1           1       1       1       1     ». 
CHO— C— C— C— C— CH,OH 

,  =■''■5  6     or     '-■*^ 
J 

III 
H  OH  H    H 

mannite  is  :— 

' 

U>      IS) 
H    H  OH  OH 

c'H,,OH-C-C-C-C-CH,aH 

1       1       1       1 

i-iSe   or   «■•' 

=  •3               '■! 

OH  OH  H    H 

dulcUe  is  :— 

OH  H    H  OH 

(.1               1       1       1       1     <« 
CH,OH_C-C-C-C-CH,OH 

1111 

r'-Sj     or     '-5 
34               3-* 

H  OHOHH 

(3)      u) 

In  symmelrical  molecules,  this 

melliod  furnishes  a  read 
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mode  of  distinguishing  active  from  intramolecularly  compen- 
sated compounds;  for  if  the  compound  be  completely  sym- 
metrical, then  each  symmetrically  placed  group  must  be  at  the 
same  distance  from  one  end  of  the  chain  as  its  fellow  is  from 
the  opposite  end.  Therefore,  if  we  call  n  the  number  of  carbon 
atoms  in  the  chain,  in  the  case  of  the  inactive  compounds  the 
sums  of  the  figures  above  or  below  the  line  will  be  equal  to, 
or  a  multiple  of  (/<  +  i) ;  with  uneven  numbers,  where  pseudo- 
asymmetry  appears,  the  sums  will  be  equal  to,  or  a  multiple  of: — 

«  +  I 

2 

For  instance,  in  the  case  of  ^-saccharic  acid,  we  have  the 
formula : — 

?  J;  5 
3 

The  sums  of  the  figures  in  the  upper  and  lower  lines  are  11 
and  3.  In  this  case,  the  number  of  carbon  atoms  in  the  com- 
pound n  is  six,  so  that  («  +  i)  is  seven.  Neither  11  nor  3  is  a 
multiple  of  7,  so  the  compound  is  active. 

4  •  5 
Mannite         ;  sums  equal  f ;  («-f  i)  is  7  ;  compound  active. 

Dulcite    \-\  „  f;(«  +  i)„7;       »  inactive. 

3  •  4 

The  formula  of  the  optical  isomer  of  mannite  can  at  once 
be  wTitten  down  : — 

AC  2      '2 

Mannite  is  i  — -     6  ;  its  isomer  is  therefore  16 

2.3  4.5 


§   VIII.    THE  ASYMMETRIC  CARBON  ATOM  AS  A 

MEMBER  OF  A   RING. 

Just  as  an  asymmetric  carbon  atom  in  an  open  chain  com- 
pound produces  optical  activity,  so  the  presence  of  one  in  a 
ring  compound  also  tends  to  make  it  active.     It  appears  at 
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first  somewhat  strange  that  asymmetry  can  be  produced  in  '■ 
these  circumstances,  since  apparently  two  valencies  of  the 
carbon  atoms  are  united  to  one  radical,  and  hence  asymmetry 
seems  absent.  Two  cases  are  possible  in  a  ring  compound : 
either  the  ring  is  symmetrical,  or  it  is  not.  In  the  first  case, 
no  activity  could  be  expected,  since  there  is  no  asymmetric 
carbon  atom;  but  if  any  substituent  be  introduced  into  the 
ring  which  makes  it  unsymmetrical,  activity  might  arise.  The 
figures  below  should  make  this  clear : — 


^  ^ch,-ch/         ^   x:h,-c< 
(')  (a) 


Ri  (,,^CHj — CHj 


rTS: 


y^ 


CHR, 


Ha — CHj 

(3) 


In  the  first  case,  if  we  consider  the  groups  to  which  the 
carbon  atom  (a)  is  attached,  we  see  that  they  are  R.j ;  Ri ; 
CHa — CHy — CH2 — CHo— CHa — X,  counting  clockwise;  and 
CHa — CHa — CHa— CHa — CHa — X,  counting  counter-clock- 
wise round  the  ring  (where  X  represents  the  rest  of  the 
molecule  CRiRj).  Here,  the  molecule  contains  no  asym- 
metric carbon  atom.  The  second  case  is  different  from  the 
first,  for  here  the  groups  are :  R, ;  Ra ; 

CHa — CHo — CHa — CHa — CH  R3 — X 

and  CHR3— CHa— CHo— CHa— CHa— X.  Here  the  order 
in  which  the  group  R3  appears  in  the  chain  is  different  in 
each  case ;  so  that  the  carbon  atom  (a)  is  really  asymmetric, 
and  the  compound  and  its  mirror  image  are  not  superposable 
upon  one  another.  Case  3  shows  that  substitution  need  not 
always  produce  asymmetry,  for  on  counting  round  the  ring, 
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either  clockwise  or  counter-clockwise,  it  will  be  found  that 
the  ring  groups  attached  to  the  carbon  atom  are  identical ; 
and  hence  the  carbon  atom  (a)  is  not  asymmetric  in  this  case. 


§  IX.   CLASSIFICATION  OF  ISOMERS. 

Substances  in  which  isomerism  is  due  to  the  presence  of 
an  asymmetric  carbon  atom  may  be  divided  into  three 
classes : — 

1.  Isomers  with  equal  and  opposite  powers  of  rotation. 

2.  Isomers  which,  though  optically  active,  have  not  equal 
and  opposite  actions  upon  polarized  light. 

3.  Isomers  which,  though  owing  their  isomerism  to  the 
presence  of  an  asymmetric  carbon,  are  not  active. 

The  above  classification,  however,  is  not  a  convenient  one 
for  our  present  purpose,  and  in  the  following  pages  the  in- 
active isomers  containing  an  asymmetric  carbon  atom  will 
be  treated  in  one  chapter,  while  another  will  be  devoted  to 
active  isomers. 


A.  EguiMor.EcrtAR  Mixtures  and  RACKMrc  Compoiinds. 

5   r.   FOKAfAT/OX. 

1.  Production  of  Inactive  Compounds  containing*  an  Asym 
metric  Carbon  Atom.  —  Whun  a  compound  of  Ihc  ty] 
Cff^j  is  converted  into  anotlier,  Qabcd,  which  contains  i 
asymmetric  carbon  atom,  it  might  be  supposed  that  an  opti- 
cally active  substance  would  be  formed.  In  practice,  how- 
ever, this  is  not  the  case  i  no  activity  can  be  detected  in  the 
product. 

This  can  easily  be  explained.  In  the  substance  Cabe,  «&, 
are  dealing  with  an  arrangement  of  atoms  which  may  be 
expressed  on  the  telrahedral  formula  by  Fig.  14,  in  which' 
the  two  groups  ^  are  identical. 
Now,  if  one  of  these  c's  be 
pla<:ed  by  d,  we  shall  have  a  certain 
compound,  and  if  the  other  e  be 
chosen  for  replacement,  we  shall 
have  the  optical  antipode  of  the  lint 
one  (Fig.  15).  But,  as  has  alread]^ 
been  mentioned,  (he  two  antipodei 
have  identical  chemical  propertieSt 
and  in  physical  properties  differ  onlf 
as  regards  crystalline  form  and  ac- 
tion u|>on  Ihe  plane  of  polarization.  There  is  therefore 
reason  why  one  (  should  he  replaced  in  preference  M 
another ;  it  is  rather  to  be  expected  that  the  substitution  wil 
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be  distributed  equally  between  the  two.  But  if  this  be  the  case, 
then  the  reaction  product  will  be  a  mixture  of  equal  quantities 
of  two  substances  which  have  equal  apd  opposite  actions  upon 


Fig.  15. 


I 

r 


the  plane  of  polarization;    and  hence   n#  activity   will   be 
apparent. 

It  has  been  found  that  such  an  active  body,  made  up  of 
two  molecules,  of  which  one  is  dextro-,  the  other  laevo-rotatory, 
may  exist   in  three  different   forms.     It   may   be   simply   a 
mechanical  mixture  of  crystals  of  the  two  antipodes  {conglo- 
merate) ;  it  may  be  a  crystalline  body  whose  crystals  are  made 
up  of  alternate   layers   of  the  dextro-  and   laevo-substances 
{mixed  crystal) ;   or,  finally,  it  may  be  a  true  chemical  com- 
pound in  which  two  molecules,  one  of  the  ^-variety,  the  other 
of  the  /-isomer,  have  united  with  one  another  {racemic  corn- 
found).     In  the  case  of  the  racemic  compound,  since  true 
chemical  combination  has  taken  place,  the  molecular  weight 
and  other  physical  properties  of  the  substance  are  different 
from  those  of  mere  mixtures  of  the  antipodes. 

2.  Prodnction  of  Compounds  with  Two  or  more  Asym- 
metric Carbon  Atoms. — By  many  of  the  common  methods  of 
synthesising  organic  compounds,  it  is  possible  to  produce  sub- 
stances which  contain  more  than  one  asymmetric  carbon  atom. 
For  instance,  in  the  addition  of  halogens  to  unsaturated  bodies, 
or  in  the  production  of  pinacones ;  or,  again,  in  the  case  of 
syntheses  by  means  of  acetoacetic  ester,  such  substances  are 
formed. 


H-C 
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H-C-X 
H-C-X 


R~C:0 
R-C;0 


R 

R-C-0 

R-(!:-o 


CH, 

CH. 

CH, 

CO 

CO 

to 

li^C-Na  +  I,  = 

jNal  +  II-C  - 

C-H 

COOKl 

COOEt 

COOEt 

(3) 

In  these  cases  also  inaciive  modifications  are  prodi 
Often  the  inaclJve  substances  are  found  in  two  forms,  i 
of  which  the  inactivity  is  due  to  external  compensation, 
the  case  described  in  the  preceding  paragraph,  while  i 
second  it  is  caused  by  internal  compensation,  due  I 
arrangement  of  the  atoms  within  the  molecule.  This 
type  can  only  occur  if  the  molecule  be  divisible  into 
symmetrical  halves,  as  in  the  three  cases  shown  above. 

3.  Mixture    of   Antipodes.— Knough  has    already 
said  to  make  it  clear  that  an  inactive  solution  may  be  I 
by  mixing  equal  quantities  of  two  solutions  containing  > 
antipodes ;  but  at  the  same  time  it  must  be  {xiinied  oi 
the  crystals  formed  from  such  solutions  are  not  always  cht 
compounds  of  the  antipodes,  but  are  often  merely 
mixtures.     The  influence  of  heat  is  very  strongly  marl 
this  case,  as  it  is  found  that  racemic  compounds  are  pi 
only  within  a  certain  range  of  temperature, 
the  case  of  potassium  sodium  tartrate  it  has  been  shown 
at  temperatures  below  —  d'',  d-  and  /-tartrates  exist  in  the 
together;  above  —  C"',  the  fwiassium-sodium  racemate 
be  fonned  ;   while  about   41  '  it   decomposes   into   ] 
and  sodi 


!   Hoif,  GolrlsclimidI,  and   Jotiswn,  Ztit,  phyakal.   CimJ 
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I        4.  Bacemisation  of  Active  Componnds. — If  an  active  sub- 
I    stance  be  heated  for  a  considerable  time,  its  rotatory  power 
I    deaeases,  and  eventually,  if  the  heating  be  continued  long 
I    enough,  the  substance  becomes  inactive.     No  change  in  con- 
I    stitution,  however,  takes  place  during  the  process ;  but  it  would 
'    seem  probable  that  the  intramolecular  stability  of  the  substance 
is  diminished  by  the  raising  of  the  temperature,  and  that  thus 
a  change  in  the  configuration  takes  place  which  gives  rise  to 
the  mirror  image  of  the  first  compound.      That    the  final 
product  is  actually  an  equimolecular  mixture  of  the  antipodes 
has  been  proved  by  Le  Bel  *  and  Lewkowitsch.*     This  pro- 
cess can  be   hastened  by    the   presence   of  certain   foreign 
substances — for  example^  tartaric  acid  is  more  easily  racemised 
in  presence  of  aluminium  tartrate  than  when  heated  alone.^ 

Since  the  two  antipodes  have  identical  chemical  properties, 
it  is  to  be  expected  that  their  stabilities  also  would  be  the 
same,  yet  at  first  sight  this  does  not  appear  to  agree  with  the 
£ict  that  when  one  isomer  is  converted  into  the  other, 
equilibrium  is  reached  only  when  both  are  present  in  ecjual 
quantity :  the  explanation  probably  is  to  be  found  in  the  fact 
that  the  conversion  of  the  ^-coniix)und  into  the  /-isomer 
proceeds  with  the  same  velocity  as  the  inverse  change  of  the 
/-  into  the  d-ioxm, 

Racemisation  may  be  brought  about  by  simple  heating, 
by  heating  with  alkalies,  by  heating  with  acids,  or  in  the 
course  of  some  reactions.  In  certain  cases  it  takes  place 
spontaneously. 

(fl)  Explanation  of  Racemisation, — If  we  assume  that  the 
valencies  of  a  carbon  atom  are  four  distinct  forces  acting  in 
certain  directions,  it  is  almost  impossible  to  arrive  at  any 
satisfactory  explanation  of  racemisation ;  for  if  the  van  't  Hoff 
hypothesis  be  used,  it  will  be  evident  that  a  change  of  groups 
from  one  valency  to  another  can  only  take  place  if  these 
groups  separate  from  the  rest  of  the  molecule  and  then  unite 

*  Lc  Bel,  Bull,  Soc,  chim.,  [2]  81,  104  (1879) ;  CompC,  rend.,  87,  213 

(1878). 

'  Lewkowitscb,  Ber.,  15,  1505  (1882). 
'  Jungflcifch,  Compt.  rend.,  85,  805  (1877). 
T.  P.  C  1> 
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with  it  again  in  a  different  way.     But  this  presupposes  thai 

I  secondary  products  are  formed  in  the  course  of  the   | 
reaction,  no  trace  of  which  can  be  found  in  practice. 

The  explanation  proposed  by  Werner'  depends  upon  his 
own  conception  of  the  character  of  carbon  valency.  In 
Figure  i6  the  carbon  atom  is  represented  as  a  sphere,  (I.), 
and  the  groups  attached  to  it  are  supposed  to  be  vibrating 
about  the  positions,  a,  b,  c,  and  d.  Now,  under  the  influenct 
of  racemising  agents,  Werner  assumes  that  these  groups  will 
not  remain  relatively  fixed,  but  will  move  in  vibrations  of 
greater  amplitude  than  before ;  and  he  assumes  further  that 
these  vibrations  will  take  place  in  the  directions  of  the  arrows 
in  the  diagram.  In  this  way  the  groups  will  be  brought  into 
the  position  shown  in  the  next  figure,  (II.),  where  they  all  lie  in 
one  plane.  And  now  from  this  position  they  will  dlher  vibrate 
back  into  the  original  position,  or  take  up  the  new  o 
shown  in  the  third  diagram.  If  the  latter  movements  ta 
place,  then  a  mirror  image  of  the  first  figure  is  produced 
Once  the  middle  phase  is  reached,  there  is  as  much  likelihood 
of  one  isomer  being  produced  as  of  the  other  being  formed. 


(I).  (II.) 


(III.) 


Fig.  i6. 

Nef-  has  put  forward  the  theory  that  in  curUm  compounds 
racemisation  is  brought  about  by  loss  of  water  from  one 
carbon  atom,  which  then  adds  on  the  water  in  anotba 
way,  e^.— 

'  WeniH,  Bdtrdge  tur  Tkeorit  dcr  Affiniliit  und  Valat%. 
I,  SU,  tgt  [1904). 
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(  OOH 

COOH 

CUOH 

i   I'-OH 
>-C-H 

H-C-OH 

"^      =C   4-  H,0     "* 
60OH 

H 

H 

-C-OH 
-C-OH 

COOH 

COOH 

i 

COOH 

COOH 

HO-C-H 
H-<:-OH       *" 

H 

C=  + 
~C-OH 

COOH 

COOH 

(i)  Auturacemisalion. — VValden '  has  described  several  cases, 
awSLf  in  llie  halogen-substituted  fatty  acids,  where  active 
compounds,  after  standing  for  three  or  four  years,  have  been 
racemiscd ;  as  far  as  can  be  ascertained,  no  change  in  consti- 
Eutioo  accompanies  the  alteration  of  the  configuration.  The 
chaoge  appears  lo  be  due  to  a  permanent  rearrangement  of  the 
radicals  in  the  molecules,  since  the  inactivity  was  not  affected 
by  fractionation  or  recrystallization. 

{^  JiMtmisation  as  a  Result  0/  Changes  in  Comtihtlion. — 
It  should  be  noted  that  replacement  of  one  radical  by  another 
in  a  compound  is  often  followed  by  race misat ion.  For 
nample,  ^^nandelic  acid,  when  treated  with  hydrobromic  acid 
U  a  temperature  not  exceeding  50",  yields  inactive  phenyl- 
brotuacetic  acid.  On  the  other  hand,  one  compound  can  often 
be  converted  into  another  without  losiny  its  inactivity,  if  the 
i^mditions  of  the  change  do  not  lend  themselves  to  race- 
misation.  Pope  and  Harvey-  have  shown  that  (/-ac-telrahydro- 
l3-aaphthylaniine  is  partially  racemised  during  the  process  of 
foraution  of  benzylidene-,  benzoyl-,  or  acctyl-derivatives. 

(d)  Jifiation  betU'UH  Tautomerism  and  Racemisation.  — 
Hilberto  we  have  considered  the  phenomena  of  racemisation 
u  not  involving  any  change  in  the  structure  of  the  compounds 
led;    but    there   is   an   alternative   explanation    of  the 


Wtldco,  Btr.,  ai,  1416  (1S9S). 

£o{»  ud  llan'c>',  /^x.,  U,  74  (ipoo). 
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phenomena  which  may  be  given  here.     It  is  well  kn< 

group  — CHj— CO —  can  be  converted  into  — CH  :  C(OH)— 

and  via  iiersd  ;  and  if  this  idea  be  applied  to  the  case  of  n 

misation,  it  explains  some  points  which  are  not  otherwise  cl 

If  wu  consider  the  case  of  an  acid  which  has  a  hydrogen  atom  1 

in  the  a-position,  the  two  tautomeric  forms  are  :- 


CH, 
I 
HO— C:0 


When  we  take  the  case  of  phenyl-gtycolHc  i 
following  process  possible— 

CH.      H  CH,  C 


HCT 


CO.OK 

■phenyl-glycol  lie 
id  (50  per  cent.). 


C.H,      COOH 
HO       H 


Here,  through  the  intermediate  enollc  form,  it  is  possible  for 
the  change  from  one  active  form  into  the  other  to  take  place. 
This  explanation  has  strong  evidence  in  its  favour.  It  is 
clear  that  if  the  solution  of  the  racemisation  problem  is  to  be 
sought  in  the  phenomena  of  tautomerism,  then  only  tautomeric 
substances  will  be  capable  of  racemisation.  If  we  considei 
the  case  of  menthone  :^ 


CHr-CH, 

-CH<„         (mCH-CH 


,CH, 


CHr-CO 


CH, 


some  insight  into  the  matter  may  be  obtained.  Menthone 
contains  two  asymmetric  carbon  atoms  (a)  and  (b),  only  one  of 
which,  (b),  has  a  hydrogen  atom  attached  to  it  which  is  capable 
of  tautomerism.  Now,  when  menthone  is  racemised, 
found  that  the  change  is  due  to  one  of  the  asymmetric  atomi, 
viz.  (b),  the  one  adjacent  to  a  carbonyl  group.    The  othr^ 
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asymmetric  atom,  (a),  remains  unattacked.     A  similar  case  is 
observed  in  the  camphoric  acids  : — 


CH, 


{CH,),:C 


"^COOH 


CH,- 


,y 


CH, 


<*>  COOH 
Camphoric  add. 


(b)COOH 

CH, CC 

I    H 
(CHO,:C 

I  /CH, 
C  H^ C  V 

<^>  COOH 

Isocamphoric  acid. 


Here,  again^  there  are  two  asymmetric  carbon  atoms,  (a) 
and  (b),  in  the  compound ;  and  in  this  case  also  it  is  found  that 
racemisation  takes  place  only  with  (b),  which  has  a  free  hydrogen 
atom  in  the  a-position  to  the  carboxyl  group.      That  only  one 
asymmetric  carbon  atom  is  altered  can  be  shown  in  the  follow- 
ing manner.     Since  ^-camphoric  acid  is  the  mirror  image  of 
/■camphoric  acid,  it  is  evident  that  the  conversion  of  the  one 
into  the  other  can  take  place  only  by  the  inversion  of  both 
asymmetric  carbon  atoms;   whereas  from  the  formulae  given 
above  it  appears  that  a  change  in  the  carbon  atom  (b)  will 
suffice  to   convert  camphoric  acid  into   iso-camphoric   acid. 
Now,  in   practice  it  is   not  possible  to  convert  ^-camphoric 
acid  into  /-camphoric  acid ;  but  only  to  change  it  into  //-iso- 
camphoric acid ;  that  is  to  say,  it  is  only  possible  to  change  the 
configuration  of  the  carbon  atom  (b).    Similar  conclusions  may 
be  drawn  from  the  fact  that  in  the  acids  of  the  sugar  series, 
when  racemisation  occurs,  it  takes  place  always  at  the  carbon 
atom  next  to  the  carboxyl  group. 


5  ir.  criteria  of  the  nature  of  equ/afolecula r 

mixtures} 

1.  Oeneral. — An  equimolecular   mixture   of  optical   anti- 
xxlcs  can  consist  of  (i)  a  conglomerate^  or  mixture  of  the  two 


'  Cf.  Findlay,  The  Phase  Rule  attd  its  Aj^plications  in  this  series. 
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components  with  no  chemical  combination;  (s)  mtcud erystt 
found  when  ihe  two  compounds  are  isoniorphous  (here.al 
is  no  chemical  combination);  and  (3)  true  rnecmu  it 
whose  molecular  weight  is  double  that  of  the  correspondii 
active  isomer.     It  is  necessary  to  be  able  to  discover  to  w 
class  a  given  compound  belongs,  and  the  matter  is  not  e 
Many  methods  have  been  suggested  ;  but,  as  Roozeboom ' 
shown,  the  melting-points  and    solubilities  of  the  substances   1 
yield  the  most  definite  results.     ].  H.  Adriani '  has  confinnel  I 
Roo;(eboom's  views  by  a  considerable  amount  of  practical 
work.     These  properties,  unfortunately,  can  be  used  only  whes 
the  substance  is  solid,  and  in  the  case  of  liquid  racemates  n 
reliable  method  has  been    discovered.     The  following  pan 
graphs  will,  therefore,  deal  only  with  solid  rareraales, 

2.  The    Phenomena    of  the    Heltiug-point.  —  (o)    Cot 
^emerates. — The  melting-point  of  any  solvent  is   lowered  b 
the   solution    in    it   of  a  foreig 
substance.     Now,  if  the  relatii 
amount  of  solvent  be  dimlnishet 
the  same  relation  will  still  hoV 
tmtil  ihe  meiting-point  reaches 
minimum  value.     If  the  | 
be  still  maintained,  the  substan( 
which  was  originally  Ihe  solvent 
will  now  be  the  dissolved  body^ 
and   thereafter  the  melting-point 
will  rise  instead  of  fallin 
the  proportion  of  the  solvent  W 
the  solution   is  increasing.    Ap- 
plying  this  to  the  case  of   \ 
equimolecular    mixture    of    f 
combine  chemically  with  o 
Fig.   17). 


K>0% 


optical  antipodes  which  do  r 

another,  we  should   find   the  following  (se 

BA  represents  the  melting-point  of,  say,  the  rf-form,  then  % 


<  Roozelioom,  Btr.,  IS,  J37  (1S99) :  ZHi.  fhysikal.   Ckem.,  9S, 
(i899). 

'  Ailrinni.  Zfit.  pkyiiial.  Ck/m.,  83,  453  (igcxi) :  36,  168  (19°!). 
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some  of  ihc  /-variely  is  gradually  added  the  melting-poml  will 
fait  unlii  it  reaches  a  minimum  at  C,  when  equal  (juanlities  of 
the  i/-  and  /-forms  are  present.  Now  let  F  represent  the 
melting-point  of  the  /-form ;  here  also,  as  the  other  isomer  is 
added,  the  melting-point  will  fall^  until  it  also  comes  lo  that 
represented  by  the  point  C  when  the  two  antipodes  are  present 
in  equal  quantity.  From  the  figure  it  is  apparent  that  the 
melling-point  is  a  minimum  when  the  mixture  is  equi molecular, 
aod  that  any  addition  of  either  isomer  to  this  equimolecular 
,  mixture  will  produce  a  rise  in  the  melting-point. 
^  (b)  Mlxid  C>ystah.—.\  mixed  crystal  of  two  isomorphous 
^^ical  antipodes  exists  only  in  a  single  phase,  and  the  free^ing- 
■  point  of  the  liquid  substance  depends  upon  the  composition  of 
the  CT)-stals  which  first  separate  out.  If  their  composition  is 
the  same  as  that  of  the  fused  substance,  then  mixtures  of  the 
two  compounds  in  any  proportions  will  have  a  constant  melting- 
point.  If,  however,  this  be  not  the  case,  the  melting-point  will 
either  rise  or  fall  until  it  reaches  that  of  an  equimolecular 
mixture.  It  will  rise  if,  in  the  crystals  which  first  separate,  the 
concentration  of  the  second  component  is  smaller  than  in 
the  fused  substance ;  and  it  will  fall  when  the  reverse  is  the 
case.' 

\c)  Raetmic  Compounds. — In  the  case  of  a  racemic  compound 
being  formed,  it  is  clear  that  since  we  are  now  dealing  with 
three  compounds  we  shall  liave  two  sets  of  curves,  one  showing 
the  relations  between  the  i^-antipode  and  the  racemic  body, 
and  the  other  illustrating  those  between  the  racemic  compound 
and  the  /-isomer.  The  figures  below  show  [wssible  forms  of 
the  curves.  This  case  is  really  a  repetition  of  Case  1.  twice 
over;  if  the  racemic  compound  be  considered  as  taking  the 
place  of  one  or  other  of  the  antipodes,  A  represents  the  melt- 
ing-point of  the  (/-form,  H  that  of  the  /-isomer,  and  D  the 
racemate'a.  The  abscissa;  along  liR  represent  graphically  the 
percentages  of  rf-isomer  and  racemic  compound  present,  while 
those  from  K  to  G  represent  the  percentages  of  racemale  and 


■  for  thU  need  noi   lie  eivcn  here,  m   Ihc 
d  in  Findlay's  Phase  Rule. 


s  folly 
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once  be  sees  that  an  addition  to  ll 
Td-ot  l4orm  will  resoli  in  a  loirering  of  tl 


S.  The  PktMmeBt  of  aolntioiL* — When  an  uuctiTe  body 
a  dissoivcd.  it  bteaks  up  ioto  the  two  antipodes,  and  therefore 
ibe  solutiaD  fonss  a  system  of  three  components,  the  d-\%oma, 
die  ^tsomer,  and  the  solvent,  and  this  system  will  aviij  be 
in  complete  equilibriuin  at  constant  temperature  when  there 
are  two  solid  phases.  If  the  inactire  body  be  a  conglomerate, 
it  already  exists  in  two  phases,  and  the  addition  of  either  active 
isomer  to  the  solution  will  produce  no  change  in  ihe  solubility. 
On  the  othet  hand,  if  the  inacti^-e  substance  be  a  chemical 
compound  or  a  solid  solution,  there  will  be  only  one  solid 
phiue,  and  the  addition  of  one  antipode  will  alter  the  solubility. 

Bruni  '  suggested  another  method  for  determining  whether 
a  compound,  conglomerate,  or  mined  cr)-slal  be  present.  He 
pointH  out  that  when  the  cryohydric  curves  of  the  three  cases 
■re  drawn,  that  of  the  racemic  compound  will  have  three 
branche*,  th'^  curve  of  the  conglomerate  having  two  and  that 
of  the  mixed  crystal  only  one.     Bruni  and  Finzi*  carried  out 

'  KonntKKiin.  /jil.  pkyiital.  Ctifni.,  28.  41*  (1899). 

*  tituni,  Gaiulla,  SO.  I.  35  (1900]. 

*  Urul  Md  ITltui,  AlUJl.  Att^.  Utiea,  [$}  IS,  ii.  349  (1904). 
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fc.  series  of  researches  in  the  following  manner.  To  the  cryo- 
b^ydric  solution  of  the  inactive  substance,  portions  of  the  d-  or 
^HPariety  are  added  in  gradually  increasing  quantity.  If  the 
ftuctive  body  is  a  conglomerate,  the  freezing-point  remains 
Constant  If  a  true  racemic  compound  be  present,  the  freezing- 
^int  sinks  through  a  certain  interval  and  then  remains  constant 
iBsven  when  further  quantities  of  the  active  substance  are  added. 
Ilie  solution  is  then  evaporated  to  dryness  and  weighed  ;  after 
tiiis  the  quantities  of  inactive  and  active  substances  present 
iCDay  be  calculated  from  its  rotatory  power;  and  from  these  data 
%he  curves  of  equilibrium  may  be  drawn.  If  the  inactive 
substance  be  a  pseudo-racemic  mixed  crystal,  the  freezing- 
point  and  the  rotatory  power  will  change  with  each  addition  of 
active  substance  to  the  solution. 


§   III.    THE  PROPERTIES  OF  RACEMIC  COMPOUNDS. 

1.  Physical. — Molecular  Wdght, — When  cryoscopic  methods 
are  employed  to  find  the  molecular  weight  of  a  racemate,  the 
depression  of  the  freezing-point  is  found  to  be  the  same  as  if 
one  andpode  had  been  used ;  ^  from  which  it  appears  that  in 
solution  the  racemic  substance  breaks  down  into  the  two  anti- 
podes. G.  Bruni  and  M.  Padoa  ^  state  that  they  have  obtained 
evidence  in  favour  of  the  existence  of  racemic  compounds  in 
solution.  The  vapour  density  method  yields  negative  results. 
From  the  fact  that  racemic  compounds  are  optically  inactive, 
however,  it  must  be  concluded  that  they  are  produced  by  the 
union  of  two  active  molecules  of  opposite  rotations;  and  it 
therefore  follows  that  the  solid  racemic  compound  has  a 
molecular  weight  double  that  of  one  active  component. 

Crystallim  Form, — In  the  majority  of  cases  this  differs 
from  that  of  the  optical  antipodes;  generally  the  racemic 
compounds  crystallize  in  holohedral  forms,  while  the  active 


*  Raoult,  Zat.  physikaL  Chem.^  1,  l86  (1887);  Anschiilz,  Annalat^ 
247,  121  (1888) ;  VVallach,  ibid,,  246,  231  (1888). 

-  Bruoi  and  Padoa,  AUi  R.  Accad.  IJncei^  [5]  11,  i.  212  (1902)  ; 
GazxHta,  S2,  i.  503  (1902). 


I 


substances  appear  in  hemihedral  crystals.  The  active  isomers 
and  the  corresponding  racemic  compound  do  not  always 
belong  to  the  same  crystalline  system ;  ^.g:  the  active 
tetrabromide  occurs  in  rhombic  crystals,  while  the  crystalline 
form  of  the  racemic  compound  is  monoclinic. 

Specific  Gravity. — Liebisch '  and  Walden,-  as  well  as 
Wallach,'  have  examined  this  point,  and  find  that  in  general  the 
inactive  substances  have  a  greater  density  than  the  active  ones. 

Molmdar  Volume. — The  form  with  the  lower  melting- poini 
appears  to  have  the  greater  molecular  volume  of  the  two,' 

Solubility  and  Melting-poinl. — These  show  a  certain  relation 
to  the  respective  densities  of  the  active  and  racemic  sub- 
stances :  the  substance  which  has  the  greater  density  having 
also  the  higher  melting-point  and  lesser  solubility.' 

AbsotptioH  Spectra. — These  have  been  found  by  Stewart  to 
be  different  for  the  active  and  racemic  forms. 

TribolumifKiCence.  —  It  appears  from  the  researcbcs  of 
Tschugaeff"  that  some  active  coni|>Dunds,  when  rubbed  or 
struck,  give  phosphorescence,  while  in  the  case  of  the  corre- 
sponding racemic  substances  no  such  effect  is  observed. 

Affinity  Constants.* — According  to  Walden  *  these  are  the 
same  for  both  active  and  racemic  forms.  This  is  probablf' 
due  to  the  dissociation  of  the  racemic  acid  into  ihe  twOi 
antipodes  from  which  it  was  formed. 

2.  Chemical. —  Watet-  of  Crystallization. — Usually  there  i> 
a  considerable  difference  in  the  amounts  of  water  of  crysUt 
ligation  in  the  cases  of  active  and  racemic  compounds,  but 
there  appears  to  be  no  general  rule. 

Chemical  Behaviour. — Generally  the  two  sets  of  compound 
have  the  same  chemical  properties,  but  in  one  or  two  instancM 
— --« 

*  If  we  icpiesent  llie  degree  of  dissocintion  of  nn  aciil  by  m,  onH  lh6 

tlilulion  of  it!  tolnlbn  by  v,  Ihen  its  nfliniiy  consin 

'  Liebisch,  AnnaleH,  SSB,  140  (1S9;). 
'  Wnlden,  Ber.,  »,  1699  (1896). 
■  W^Ucli,  AnH^lfn,  SB6.  i]5  (1S95I. 

*  Walden,  Bo-..  SO,  1691  (1896). 

*  TschuEaeff,  Her.,  S4,  1S20  (1901). 


deviations  have  been  oljserved.  For  instance,  Anschiitz  and 
Bennen '  noticed  Iliat  the  ethyl  esler  of  /-malic  acid  breaks 
donn  when  distilled  at  ordinary  pressure,  while  the  inactive 
ester  distils  over  unchanged  under  the  same  condlrions. 


I. 


§   IV.   LIQUID  RACEMIC   COMPOUNDS. 


When  equal  quantities  of  two  optical  antipodes  are  mixed 
together,  either  of  two  results  may  follow  ;  for  the  mixture  may 
remain  a  mere  mechanical  mixture,  or  the  two  substances  may 
combine  with  one  another  and  form  a  true  racemic  compound. 
la  soRie  particular  instances  we  are  able  to  discover  what  hai^ 
taken  place,  owing  to  the  physical  properties  of  the  racemic 
compound  being  markedly  different  from  those  of  the  antipodes 
from  which  It  is  formed.  For  instance,  the  dextro-  and  Itevo- 
forms  of  carone  oxime  melt  at  72'"  C,  while  racemic  carone 
oiime  has  a  melting-point  of  93^  C. ;  so  that  if  we  heat  the 
active  forms  to  any  temperature  between  72"  C  and  93"  C, 
and  then  mix  them,  the  solid  racemic  compound  will  crystallize 
out,'  But  if,  on  the  other  hand,  the  physical  constants  of  the 
mixture  of  antipodes  remain  identical  with  those  of  the  original 
active  compounds,  it  becomes  a  matter  of  extreme  difficulty  to 
prove  the  actual  existence  of  a  racemic  compound.  Attempts 
have  been  made  to  draw  deductions  from  the  changes  of 
temperature  brought  about  at  the  moment  of  mixing,  but 
nothing  certain  has  been  found;  while  cryoscopic  methods 
and  investigations  of  the  boiling-points  of  the  inactive  mix- 
tures have  not  added  anything  of  importance  to  our  knowledge. 
Stewart  has  found  that  while  the  absorption  spectra  of  dextro- 
and  iKvo-tartaric  acid  are  identical,  a  much  greater  absorptive 
power  is  shown  by  a  mixture  of  their  solutions  in  equal  strength, 
this  change  in  spectrum  can  only  indicate  a  change  in 
itution,  this  method  appears  likely  to  be  of  some  value 
the  examination  of  inactive  substances. 


'  AnKhiilz  and  Benncrt,  AtmaltH,  BH,  1G4  {18 
■  Ba«ye[,  Btr.,  S8,  640  (iS$3>, 


44  OPTICAL  ACTIVITY 

\  V.  LIMITS  OF  THE  EXISTENCE  OF  RACEhtIC 
COMPOUNDS. 
As  has  been  pointed  out  already,  if  a  crystalline  sub- 
stance is  inactive,  it  reiay  be  (i)  a  conglomerate,  (a)  a 
mixed  crystal,  or  (3)  a  true  chemical  compound.  Now, 
it  is  possible  that  when  the  temperature  is  raised,  these 
states  may  not  be  stable;  and  in  practice  it  is  found  thai 
a  racemic  compound  may  be  thus  converted  into  a  conglo- 
merate or  a  solid  solution ;  or  the  reverse  change  of  con- 
glomerate or  solid  solution  into  a  racemic  compound  may 
occur.  The  first  observation  In  the  subject  was  made  by 
Pasteur,  who  found  that  by  crystallidng  sodium  ammoniuni 
racemate  he  was  able  to  separate  the  d-  and  /-tartrates  from 
one  another.  Staedel,'  repeating  Pasteur's  work,  was  unable 
to  do  this,  and  found  that  the  crystals  which  he  obtained 
were  merely  those  of  the  racemate.  Scacchi'  explained  this 
apparent  contradiction  by  showing  that  crystallization  above 
a  certain  temperature  produced  crystals  of  the  racemic  com- 
pound, while  below  this  temperature  the  crystals  of  the  two 
tartrates  separate  out.  Wyrouboff'  showed  that  this  tempei 
ture  was  28°  C.  Such  a  temperature  is  termed  the  Transition 
Tanperafurf  of  the  substance  in  question.  It  was  found  by 
van't  Hoff  and  Deventer '  that  this  process  was  not  confined 
to  substances  in  solution,  but  held  good  in  the  case  of  crystals 
heated  in  sealed  tubes. 

B.    OlMPOUNDS    WHICH     ARK     InACTIVF,    THROUGH     ItJTKB 

Compensation. 

\  i.  theoretical. 

It  has  been  pointed  out  already  that  inactivity  does  not 

necessarily  imply  the  absence  of  asymmetric  carbon  atoinB< 

.     I  Sueilel,  Bir.,  n,  1751  {1878I. 

'  Scacchi,  Kmd.  Aaad.  Set.  Fis.  Mol.  Napoli,  IBBfl,  250, 

>  Wytimboir,  BhII.  Sac.  fhim.,  [3]  41,  aio  (1884):  4S,  51  (1SS6) 

Compi.  rm</.,  lOB,  637  {1886). 

*  van't  HolTanil  Dcvcnicr,  Ztit.  fhytiial.  CAem.,  1,  165  (18S7). 
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from  a  compound ;  for  it  may  be  produced  either  by  a  mixture 
of  two  groups  of  molecules  whose  powers  of  rotation  are  equal 
and  opposite,  or  by  the  fact  that  the  two  halves  of  a  molecule 
have  equal  and  opposite  effects  on  polarized  light.  The  latter 
class  of  compound  is  called  the  internally  compensated  variety, 
in  contradistinction  to  the  externally  compensated  or  racemic 
type. 

In  order  that  any  compound  may  be  internally  compen- 
sated, it  is  necessary  that  its  molecule  should  be  divisible  into 
two  halves,  which  are  related  to  one  another  in  configuration 
as  an  object  to  its  mirror  image.     Now,  if  this  be  the  case, 
it  follows  that  the  molecules  in  question  will  possess  a  plane 
of  symmetry,  and  hence  will  not  appear  in  enantiomorphous 
forms.     For  instance,  in  the  case  of  mesotartaric  acid^  though 
at  first  sight  it  seems  as  if  the  configuration  (I.)  and  its  mirror 
image  (II.)  were  different,  it  is  only  necessary  to  imagine  the 
second  figure  turned  through  an  angle  of   i8o°  in  order  to 
make  the  two  coincide,  which  could  not  be  done  if  there  was 
enantiomorphism . 


COOH 


COOH 


H     C     OH 

HO     C     H 

H     C     OH 

HO     C     H 

COOH 

'    COOH 

(I.) 

(11.) 

Compoiuids  of  this  type  cannot  be  made  active  by  any  of 
the  methods  which  succeed  in  the  case  of  externally  compen- 
sated substances ;  it  is  only  by  destroying  the  symmetry  of  the 
molecule  itself  that  the  result  can  be  attained  :  e.g,  when  mucic 
acid  is  reduced  to  galactonic  acid  : 


C0OH.CH(OH).CH(OH).CH(OH).CH(OH).COOH      > 

CH20H.CH(0H).CH(0H).CH(0H).CH(0H).C00H 

The  fact  that  mesotartaric  acid  has  a  lower  melting-point 
than  racemic  acid,  is  sometimes  utilised  to  distinguish  one 
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uMj[n<;T  bT>m  xaochcT :  those  like  meaotaftuic  ;icjd  bong 
calli:d  Ajt/i-fjrms  inii  tfae  others  Piwm^forms .  This  is  not  i 
parttcuiarly  lioppy  nomeEiclalure,  aioct:  in  manj  case; 
intramuiitiniiaiiy  compenaiUeil  tfpe  baft  a  higher  mclting-pdnl 
than  the  eatrnially  compenstted  «fcnMK«. 


%   XL    TOE  rKEPAJtATlOX  OF  ISTEMXALLY 

COXPKSSATED  COXPOUKt^S. 


TImi*  hc  so  genral  ■rfhnilii  Gar  the  prefaraboa  of  iba 
elNH  «f  ipitiltinrrt;  Md  as  cwB[iiintiv«ly  few  of  ibi:  type 
l«*e  been  mbAc^  mtibf  whc  BoittEil  £kis  can  be  given  faeiA 
MenlHtBhc  is  obttiBed  by  heatiag  ^^uuric  add  with  do 
(ftoww  to  i;o  C;  by  hngcontuxd  heatnig  of  ^taiUtk  o 
MeMMCMid  to  170  CoriSo' C;  bjrboilngactiwiaituicoi 
neOHK  ftcid  tridi  bjrdracfalanc  oc  adphwric  aod  lor  four  h 
dNdlNWn';  and  I7  faaung  the  Kbwoc  noonic  add  fori 
Aiyiln  a  MaM  ube  vitb  «att(  (foot  panaes  water  to  & 
gWMWiKiit  aeid)  to  a  wtpnalme  oC  ■65''  C,  wbidi  nmst  not  be 
«xCMtM.'  McM>4»tBnc  add  b  abo  oUained  b;  the  oxida- 
Am  wHIi  NMrir.  add  o(  ottctivc  cqrtimie,  wfaicfa  ii 
^MAkmI  by  Iha  leducdon  of  dtairo-cqthnafc. 
tati  hmkI*  a  dMailed  Mndjr  of  the  diangcs  vfakfa  tbc  actir^ 
MmM",  MMt  ftoeintc  (ixDtt  of  tutaric  add  od  be  na- 
■liiilf  rimi  Hi*  pnndfml  results  arc  as  folkms.  The  1 
A^  flrytfrweMortc  add  npon  the  three  cooqioaDC 

an^ng  from  ■  09  C  to  155°'  C  and  •: 
tow  15s  C,  the  dcxtro-add  yidds  nKue 
mam  ttrtartr  tlim  lacemtc  acid.  The  meso-  bimI  lacemic 
idMHH  tH  MfiBbla  of  tranafomuiiion  into  one  another,  but 
mMw  «W  jMd  tke  deatro-fomi  bf  this  method.  When  a 
ItluMbvid  ^iUHiafii  tA  dniro-tartaric  icid  are  boiled  far 


WfM 


as*  ('»* 

'  J  »n||giiinili,  tfaA.  iW,  rjtiiH.,  1*.  ibi  (11)731. 
W,  itm.  trm.  4Mm.,  11,  M  (ittyt). 
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hours  under  a  reflux  condenser  with  three  hundred  and  fifty 
gEammes  of  sodium  hydrate  dissolved  in  seven  hundred 
grammes  of  water,  fifty  grammes  of  racemic  acid  and  thirty 
of  meso-tartaric  are  produced,  twenty  grammes  of  the  active 
acid  remaining  unchanged. 


\ 


§  III.    THE    PROPERTIES    OF  INTERNALLY 
COMPENSATED    COMPOUNDS. 

Internally  compensated  compounds  differ  to  a  considerable 
extent  from  the  corresponding  externally  compensated  forms. 
The  specific  gravities,  solubilities,  melting-points,  and  affinity 
constants  appear  to  be  different  in  each  case.  The  following 
table  gives  examples : — 

Racemic 
acid. 

Melting-point' 2o6'o® 

Affinity  constant ' 0*097 

Dtnsiiy I  "697 


Mesotartaric 
acid. 

1400® 
0*060 
1-666 

1250 


\   Solubility  in  100  parts  of  water  at  15°'    .     .       17*1 

Witer  of  crystallization  of  the  calcium  salt  *  .        4  molecules    3  molecules 

Differences  in  other  properties  are  found  in  the  case  of  the 
tri-hydroxy-glutaric  acids.  The  internally  compensated  variety 
(i)  can  easily  be  isolated  in  the  form  of  a  lactonic  acid ;  the 
active  {2)  and  the  second  intramolecularly  compensated  type 
(3)  do  not  yield  lactones  in  this  way : — 


COOH 

COOH 

COOH 

H.OH 

H.OH 

H.OH 

H.OH 

H.OH 

HO.H 

H.OH 

HO.H 

H.OH 

COOH 

COOH 

COOH 

(I-) 

(II.) 

(III.) 

'  Bischoff  and  Walden,  Ber„  22,  1815  (1889). 

'  Walden,  Ber.^  22,  1820  (1889) ;  Ostwald,  Zeit.  physikaL  C/um.,  8, 
372  (1889). 
'  Bischoff  and  Walden,  Ber.,  22,  181    (1889). 
*  Anschutz,  Annalen,  226,  197  (1884)* 
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CHAPTER   III. 


ACTIVE   COMPOUNDS. 
A.  Optical  Antipodes. 


§   1.   FROPERTJES    OF   OPTICAL    ANTIPODES. 


Ir  is  atill  uncertain  whether  or  not  an  optically  active 
pound  has  a  crystalline  rorm  distinct  from  that  of  its  anti|>od( 
Walden '  and  V\'yrouboff'  have  answered  the  question  i 
negative,  while  Traube^  and  Becke'  take  the  opposite  view 
Until  much  more  material  has  been  accumulated  than  is  it 
present  at  our  disposal,  the  matter  cannot  be  examined 
any  hope  of  success. 

Two  optical  antipodes  have  the  same  specific  giuvi^ 
molecular  volume,  boiling-point,  melting-point,  solubility,  hea) 
of  solution,  of  combustion,  and  of  neutralization.  They  bai 
the  same  affinity  constant  and  index  of  refraction  ;  the 
absorption  sptctra  also  appear  to  he  the  same." 

The  most  important  difference  between  two  antipodes  hai 
been  demonstrated  by  Cotton,"  who  has  shown  that  i^-circular^ 
polarized  light  is  differently  absorbed  by  the  d-  and  /-  varietiet 
of  copper  ammonium  tartrate.  Byk '  points  out  that  light  i 
circularly  polarized  by  the  surface  of  the  sea,  and  that  oo 

■  Wnldcn.  Btr.,  89,  169a  (1896). 

•  WyrouboH",  Ann.  Ckim.  Phyi.,  [6]  8,  416  (1SS5)  ;  I7I 1,  10  (1894). 

■  Tnubc,  Btr.,  M,  2446  ("896). 

■  Bcckv,  Tick.  Mm.  JUiUA.,  10,  414  (1S91) ;  19,  156  (1S91). 
Hartley  and  Hunlinglon,  PrM.  Say.  Sx.,  I8B1,  I  ;  Mngitii,  y.  CAi» 

/Ayiifut,  i.  403  (1904). 

Cotlon,  Ann.  CMim.  PAyt.,  [7]  B,  373  (l896J. 

Byk,  Ziit.fkyiikal.  CMm.,  19,  &41  (1904) ;  Bcr.,  3T,  469b  (19U4). 


■         fiAyiitut, 
^B  Coti 

^g  -Byk 
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of  this  light  predominates  on  [he  eartli's  surface.  This 
derance  of  rf-light  may  possibly  be  more  favourable  to 
sistence  of  one  variety  of  an  active  acid ;  if  this  were 
^plaoation  of  the  production  of  aclive  bodies  in  nature 
tie  found. 

:urious  thermo-electric  effect  is  observed  when  crystals 
ro-  and  Ixvo-tartaric  acid  are  cooled  after  being  warmed, 
case  of  the  one  isomer,  pyro-electricity  is  generated  on 
hi  hand  of  the  crystal,  while  in  the  other  isomer  it 
its  appearance  on  the  left-hand  side. 
a  nile,  bolh  optica!  antipodes  have  exactly  the  same 
al  actions  upon  inactive  bodies.     A  few  siaiemenis  to 
ittary  are  to  be  found  in  the  literature,  but  it  is  possible 
sy  may  be  due  to  errors  of  observation. 
'ihe  other  hand,  when  an  aclive  substance  reacts  with 
two  optical  isomers  the  velocity  of  the  reaction  is  not 
ae  in  the  case  of  each  isomer.      In  this  case  a  new 
etfic  complex  has  been  introduced  into  the  molecule, 
produces  marked  differences  in  behaviour  in  the  two 
pipounds.     For  example,  suppose  that  a  mixture  of  a 
/-acid  has  been  added  to  a  rf-base,  and  let  the  rota- 
be  acid  be  A,  while  thai  of  the  base  is  B,     Then,  in 
«ises  we  shall  have  two  new  substances  of  different 
one  being  (B  -f  A)  and  the  other  (B  -  A).     It  is 
lat  the  two  new  com|TOunds  are  not  antipodes,  and 
!  probably  their  solubilities  and  other  physical  pro- 
]  be  different  from  one  another. 


§   ir.   FOKAfAT/ON. 

___  Equimolecular  Mixtures. — The  methods  which  can 
led  under  this  heading  were  discovered  by  Pasteur ;  they 
ee  in  number,  depending  on  (a)  spontaneous  separation 
antipodes,  {!>)  biochemical  methods,  and  {<)  salt  furma- 
th  active  acids  or  bases.  Several  modifications  of  these 
b  have  been  devised  by  various  workers  ;  these  metliods 
U  be  described. 
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(i)  Spontamous  Separation. — It  has  already  been  poinied  i 
out  that  inactive  mixtures  of  the  two  antipodes  are  not  always 
chemical  compounds,  but  are  often  merely  mechanical  mixtures 
ir  in  such  a  case  the  antipodes  do  not  form  mixed  crystals,  it 
will  he  possible  to  separate  one  from  the  other  by  a  process  a 
simple  crystallization.  From  what  has  already  been  said,  i 
will  be  apparent  that  attention  must  be  paid  to  the  transitioi 
temperature  of  the  substance  in  question.  This  method  I 
not  a  wide  application,  as  it  is  not  so  convenient  as  the  other 
methods  which  are  available. 

(b)  Biochemical  Methods.— \t  was  first  observed  by  Pasteur' 
that  when  the  ferment  Peiiicillium  glaucum  was  allowed  1 
grow  in  a  solution  of  ammonium  racemale,  it  destroyed  tl 
(^isomer  and  left  the  /-ammonium  salt.  Many  similar  experi- 
ments showed  that  this  method  of  separation  was  capable  of  s 
wide  application ;  but  since  Pasteur's  work  the  only  advance 
in  tlie  biochemical  method  has  been  made  by  the  discovery  of 
new  fungi  which  have  the  property  of  se[>arating  one  isomef 
from  another.  Since  concentrated  solutions  of  the  undecom 
posed  antipode  have  an  injurious  effect  on  the  ferments  used, 
it  is  necessary  to  work  with  dilute  solutions,  to  which  ammonium 
sails  and  phosphates  must  be  added  to  furnish  nourishmeat  for 
iheorganism.  The  biochemical  methods  have  the  disadvantage 
that  at  best  only  half  the  racemlc  compound  can  be  obtained 
in  the  active  condition,  and  in  most  cases  the  yield  is  r 
less  than  this;  while  the  isolation  of  the  active  compound 
from  diUite  solution  adds  another  difficulty  to  the  work.  Thtt 
method  has  most  application  as  a  qualitative  test  to  determine 
whether  or  not  a  substance  can  be  made  active  at  all ;  but  U 
a  method  of  preparation  it  is  only  utilised  when  every  other 
has  failed.  It  was  at  one  time  supposed  that  the  s 
fungi  was  confined  entirely  to  one  isomer,  the  other  being  lefk. 
unattacked.  It  has  since  been  shown  by  McKenzic  and 
Harden '  that  this  is  not  the  case  ;  but  that,  instead,  both 
isomers  are  attacked,  though  at  very  different  rales, 

'   Pasteur,  Cempt.  n-ni/.,  38,  no  (1851);  86,  16  (1853)  ;  37,    110,  161 
{i8S3). 

*  McKciuie  ami  Harden,  Trans.,  S8,  4Z4  (I903)- 
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{{)  Salt  h'ormalion  wiih  Active  Basfs  ar  Acids.— This  meihod 
wa&also  discovered  by  Pasteur.  When  a  solution  of  racemic 
add  is  saturated  with  cinchonine  and  slowly  evaporated,  it  is 
(otind  that  the  first  crystals  which  separate  out  are  composed 
of  the  cinchonine  salt  of  Atartaric  acid,  while  cinchonine  d- 
tartrate  remains  in  solution.  The  reason  for  this  will  he 
apparent  when  the  results  of  salt  formation  are  considered.  If 
the  acid  be  denoied  by  A  and  the  base  by  B,  while  the  left 
and  right  rotatory  powers  are  indicated  by  +  and  — ,  we  have  :^ 

(A+)         +         (B+)  =  (A+B+) 

(A-)  +  (B+)  =  (A-B+) 

These  two  resulting  compounds  are  not  mirror-images,  and 
it  is  therefore  unlikely  that  their  solubilities  will  be  identical, 
like  those  of  the  two  original  acids.  The  one  salt  will  there- 
fore crystallize  out  before  the  other.  The  crystallization 
sometinies  requires  to  be  aided  by  the  addition  of  a  crystal  of 
the  less  soluble  form.  Marckwald '  has  improved  this  method 
bjf  utilizing  both  active  forms  of  a  base  or  acid  ;  he  proceeds 
as  abcyve  in  the  first  instance,  and  after  separating  out  as  much 
of  the  one  salt  as  possible,  he  converts  the  residue  into  the  salt 
of  the  opposite  isomer,  and  by  crystallization  is  thus  able  to 
ol^ia  the  second  constiment  of  the  racemic  compound  in  a 
state  of  purity.  The  utility  of  various  active  acids  and  bases 
appears  to  be  proportional  to  their  rotatory  power.  The 
natural  bases  may  be  divided  into  two  classes,  the  members 
of  one  yielding  sparingly  soluble  salts  of  one  isomer,  while  the 
second  antipode  can  be  obtained  by  using  those  in  the  other 
class.     For  example : — 

Qass  I. — Quinine,  strychnine,  and  brucine. 

Class  II, — Cinchonine,  cinchonidine,  and  morphine. 

(irf)  delations  bttweeH  the  Results  of  Bio</umiial  Rcsohitioii 

mtd  tkete  ohtaiited  with  Active  Adds  and  Bases. — Winther  '■■  has 

pointed  out  that  there  is  a  striking  analogy  between  the  effeci 

cf  certain  fermenls  and  that  of  some  alkaloids ;  and  from  the 

>  Marckwfty.  Ber..  99,  43  (■S9&)' 
*  Wialher,  Brr.,  38,  jo(6  (1*95). 
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^H       examples  given  by  him  it  appears  ihaE  if  a   fcrnicnt  and  a  base 
^1       applied    lo  one  racemic  substance  yield  the  same  antipod^ 
H       when  the  same  two  agents  are  used  upon  another  racemk 
^1        compound  they  will  in  that  case  also  give  rise  to  the  samo 
^1       isomer.     The  table  below  shows  a  few  instances   from  tl|d 
^1        organic  acids.     Column  I.  shows  the  isomerwhich  is  destroye^j 
^1       by  the  ferment  Ptnidllium  glauaim  ;  column  II.  contains  tbm 
^1       isomers  which   form   the   more  sparingly  soluble   salts  whh 
^1       strychnine ;  the  third  column  gives  those  compounds  destroyed 
V        hy  Lewkowitsch's  Schizemycftf ;  while  in  the  last  column  are 

cinchonine. 

I. 

II. 

III. 

/-tnrlaric 

</-tnand«lic 

1 

rf-t«rtarie 
/-Inctic 

/■metbox  jBucci  nic 
/■luetic 

/■i«rtanc       S 
./■manaelie      ■ 

It   cannot 
attached  to  thi 
work  should  b 
(juestion. 

(,;)  Format 
been  mentione 
react  with  an  i 
Utween  the  tv 
wc  substitute 
there  will  be  a 
the  final  produ 
reactions  proc 
book  that  the  s 
influence  upon 
mention  only 
(irntion    of    fa 

as  yet  be  decided  what   meaning  should  b 
resemblance,  and  it  seems  desirable  that  son 
e  done  on  the  point,  in  order  to  clear  up  tli 

OH    of   Esters,    or   their    Hydrolysis.— \\.    hi 
,  already  that  when  two  optically  active  isomei 
active  body,  no  differences  need  be  looked  ffl 
0  reactions ;  but  if  for  the  inactive  substanc 
n  active  one,  tlie  conditions  are  altered,  an 
divergence  not  only  between  the  properties  a 
ts,  but  also  between  the  ways  in  which  the  Iwi 
ed.     It  will  be  shown  in  a  later  part  of  thl 
pace  relations  of  atoms  appear  to  exert  a  grot 
the  velocities  of  some  reactions ;  here  we  neat 
ilenschulkin's  results  in  the  case  of  the  estcii 
ty  acids.'      He   found   that    the    velocity  fl 

'  M(.-iMcbll 

kin,  >«r.  iftw/.  Pkf,.  Cktm.  &>€.,  13,  573  (iSSl^ 
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esterification  of  acids  of  the  type  R.CH2.COOH  was  approxi- 
mately twice  as  great  as  that  of  acids  like  : — 

j^    CH.COOH 

and  much  greater  than  that  of  acids  of  the  class : — 

R 

Ri— C.COOH 

R, 

From  this  it  appeared  possible  that  a  somewhat  similar  result 
might  be  expected  in  the  case  of  those  compounds  whose 
atoms  were  diflferently  arranged  in  space.  Marckwald  and 
McKenzie*  tested  this  with  racemic  mandelic  acid  and 
menthol^  interrupting  the  process  before  it  was  complete, 
and  found  that  /-menthol  actually  does  combine  more  slowly 
with  /-mandelic  acid  than  with  //-mandelic.  The  possibility 
of  applying  this  process  of  separation  has  thus  been  demon- 
strated; and  the  authors  mentioned  have  utilised  the  inverse 
method  of  hydrolysis  in  a  somewhat  similar  manner,  esters  of 
the  types  //-acid-// alcohol  and  //-acid-/-alcohol  being  hydrolysed 
with  different  velocities,  and  thus  forming  an  active  product 
from  an  equimolecular  mixture  of  the  two. 

(/)  Combination  of  Active  Aldehydes  with  Racemic  Bases. — 
E.  Erlenmeyer,  jun.,  and  A.  Arnold'^  employed  an  active  alde- 
hyde to  resolve  a  racemic  base,  in  the  following  manner.  They 
used  the  active  aldehyde  helicin,  which  is  salicylaldehyde- 
glncose:  C6Hii05.0.C6H4CHO ;  and  as  a  racemic  base  they 
chose  iso-diphenyl-hydroxyethylamine ; — 

CeH6.CH(0H).CH(NH,).QH, 

The  compound  of  the  two  : — 

CeH^— CH.OH 

QH,r-CH.N :  CH.C6H4.O.C6HHO5 


»  Marckwald  and  McKenzie,  Ber,,  32,  2130  (1899). 
'  Erlenmeyer,  jun.,  Ber.^  86, 976  f  190J)  ;  Jirienmeycr,  jun.,  and  A.tuo\A, 
AnnattH,  887,  jo/  (M904)' 
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■  separated  into  two  parts  when  the  alcoholic  solution  of  tl 
H  compound  was  evaporated  in  vaciw.  The  crystalline  portiaa 
^  contained  the  part  derived  from  the  dextro-base  :  while  l' 
amorphous  portion  proved  to  be  a  derivative  of  the  1; 
The  two  active  isomers  were  obtained  by  treating  the  t 
condensation  products  with  very  dilute  hydrochloric  acid,  wh' 
split  off  the  active  radical 

(^  Combination  of  Active  Hydrautus  with  Racamc  Atd» 
hydes  or  Ketones. — Neuberg '  utilised  active  hydra<:ines  for  the 
same  purpose,  using  Iievo-menthyl-hydrazine  : — ■ 


CH,        CH, 
I  I 

Ci^        CK-NH— NH, 

CH 

I 

CH,— CH— CH, 

to  resolve  the  racemic  aldehyde  arabinose.  In  this  case  i 
the  intermediate  compound  (liere  a  hydrazone)  was  sepanitel 
into  two  portions,  one  of  which  yielded  the  dextro-,  the  o 
the  la^vo-aldehyde.  Neuberg  and  Fedcrer'  have  successfiilly 
employed  rf-amylphenylhydraiiinc  for  the  same  purpose  : — 

CH. 

^CH— CH, 
CH..CHa  ^— NH, 

C.H, 

(/i)  Amide  Formation  from  Acids  and  j^iwfj.^Marckwald 
and  Meth  ^  showed  that  when  a  racemic  acid  was  partially  con- 
verted into  an  amide  by  healing  it  with  an  active  amini 

'   Neubcre,  Ber.,  36,  I192(l90j)- 

''  Nculwrg  and  Fedeter,  Ber.,  M,  St»6,  868  (1905). 

'  .MarckwnJd  and  Melb,  Ber.^  U,  Soi  (igoS)- 


\ 


% 
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uncombined  acid  was  active.  For  instance^  they  heated  racemic 
mandelic  acid  with  laevo-menthylamine  for  ten  hours  to 
160-170°  C,  and  found  that  36  per  cent,  of  the  acid  was  con. 
verted  into  the  amide.  The  remaining  64  per  cent,  of  acid 
was  found  to  have  a  specific  rotation  of  [aji,  =  —  5*i°. 
Marckwald  and  Meth  found  that  the  relative  speed  of  amide 
formation  of  laevo-menthylamine  with  dextro-  and  Isevo-mandelic 
acid  is  expressed  by  ^  =  0*862. 

3.  Biochemical  Prodnction  of  Active  Bodies  from  Inactive 
Ones. — Bertrand '  has  devised  a  biochemical  method  which  is 
of  some  interest,  though  at  present  its  application  appears  to 
be  limited  to  the  production  of  active  ketoses  from  inactive 
poly-alcohols.    He  employs  as  an  agent  the  sorbose  bacterium^ 
which  has  oxidising  properties ;  and  he  has  studied  its  action 
upon  glycol,  xylite,  dulcite,  glycerol,  /-erythrite,  /-arabite,  d- 
sorbite,  ^-mannite,  perseite,  and  volemite.     The  first  three  of 
these  bodies  are  not  attacked  by  the  ferment ;  the  others  are 
oxidised,  those  which  contain  a  multiple  of  three  carbon  atoms 
being  most  easily  broken  down.     The  oxidation  takes  place 
at  a  secondary  alcoholic  group  next  to  the  primary  one ;  and 
only  those  poly-alcohols  are  attacked  which  in  their  stereo- 
formula  have   no   hydrogen  atom  adjacent   to   the   oxidised 
hydroxyl    radical :   i.e,   the   oxidisable    alcohols   contain   the 
group:— 

H    H 


— C— C— CH.,OH 
OH  OH 


I    'hile  the  unoxidised  ones  have,  instead,  the  group  : — 

OH  H 


— C— C— CH,OH 

H   OH 
Since  glycol,  CHaOH.CHaOH,  contains  no  secondary  alcoholic 


^  Bertxand,  Bull.  Sac.  cAim.,  [3]  19,  347,  947,  999  (1898). 


r 


I 


Xylite  ;- 


group,  it  is  not  attacked ;  in  xylite  and  dtildte  the  hydi 
atoms  marked  with  an  asterisk,  lying  as  they  do  in 
adjacent  to  the  hydroxy)  which  should  be  attacked,  act  a 
protection  in  some  way  not  yet  clearly  understood. 


H  OH  H 

I       t 


H.OH 

.  Point  of  attack 


Point  of  atUck  _^  UH  H  OH  «_  Point  of  attack 
<•) 
Oulate  ;— 

H  OH  OH  H 

I       I      I       I 

C  H„OH— C— C— C— C— < 

I       I       I       I 

Point  of  atUck  _*0H  H    H  OH^ 

(•)  (') 

On  the  other  hand,  if  we  write  out  the  formula  of  those 
compounds  which  are  attacked  by  the  sorbose  bacterium,  i 
find  that   this  sheltering  hydrogen  is  absent   from  them  a 
The  hydroxy!  group  attacked  by  the  ferment  is  marked  will 
a  dagger  in  each  case. 
Glycerol  :— 


CH,OH— C— CHjOH 

I 
H 

H  H 

I   I 
CH,UH— C— C— CH,OH 

I   I 
(t)OH  OH(T) 

(t)OH  OH  H 

CH^OH— C— C— C— CH,OH 

I   I   I 
H  H  OU 
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^-Sorbite  : — 

H    H  OH  H 

I'll 
C  H,OH— C— C— C— C— CH,0  H 

I       I       I       I 
(t)OH  OH  H  OH 

3.  Produetion  of  one  Optical  Antipode  flrom  Another. — 
There  are  two  ways  in  which  one  optical  isomer  may  be 
obtained  from  its  antipode.  In  the  first,  the  optically  active 
body  is  racemised  by  any  of  the  methods  already  mentioned, 
and  then  the  second  isomer  is  separated  from  the  racemic 
substance.  This  mode  of  solving  the  problem  requires  no 
further  explanation. 

There  is,  however,  a  second  way  in  which  the  same  object 
may  be  attained.     VValden  ^  has  found  that  when,  in  an  active 
compound,  one  radical  is  replaced  by  another,  the  configura- 
tion of  the  new  compound  may  be  influenced  by  the  nature 
of  the  reagent  used   to  bring  about  the  replacement.     For 
example,  when  /-chlorosuccinic  acid  is  treated  with  dilute  potash 
it  yields  ^/-malic  acid ;  while  if  silver  hydroxide  be  used  instead 
of  potash,  /-malic  acid  is  formed.     Silver  hydroxide  and  caustic 
potash  are  therefore  different  in  their  stereo-chemical  effects. 
Walden  has  found  that  the  basic  hydroxides  differ  very  much 
in  their  effects  upon  halogen-substituted  fatty  acids.     A  general 
scheme  of  the  transformations  of  various  acids  will  give  some 
idea  of  the  complexity  of  the  problem. 


O  /-Chlorsuc- 
;P  ^  cinic  acid 


^•Aspartic 
acid 


|Ag.,0 


<-PCl 

«K0H 

NH4OH 


^-Malic  acid  ^/* 

AgoOT        ^-Aspartic 


acid 


"O"^  AMalic  acid 


<«K0H_    ^-Chlorsuc- ^ P 
NH4OH  cinic  acid    -^ 


It  will  be  at  once  evident  that  it  is  possible  to  pass  through  a 

'  Walden,  Ber,,  M,  213  (1893) ;  28,  1287,  2771  (1895)  J  Walden  and 
Lmx,  to,  2795  5  WaWcn,  M,  3146  (1897) ;  82,  1833,  i8ss  (i899)- 


J 
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cycle  of  changes  from  one  isomer  to  the  Other,  the  process 
being  termed  optital  inversion. 

Armstrong '  has  attempted  to  explain  the  mechanism  of 
this  process.  When  the  inversion  is  brought  about  byhydrolytic 
agents,  a  keto-group  in  the  compound  (supposed  to  be 
aldose,  ketose,  or  acid)  first  becomes  hydrated,  forming  an 
"  aldehydrol,"— CH(OH),,  or  a  "  ketohydrol,"— C(OH).j- 
an  "  acid-hydro  1,"- -C( OH),.  When  water  is  withdrawn  from 
such  compounds,  if  the  water  be  formed  from  an  OH-group 
of  the  hydrol  complex  and  a  hydrogen  atom  attached  to  the 
carbon  contiguous  to  that  of  the  hydrol  complex,  an  etheiioid 
derivative  will  be  formed  ;  thus  ;— 

— CH.OH  — CH.OH       — COH 

I  +  H,0  =       I  =       li  +  H,0 

CO.OH  C(OH),  C{OH), 

(In  the  present  state  of  our  knowledge  il  seems  unnecessary 

to  assume  this  step  since  a  mere  tautomeric  change  would  suffice 
to  bring  about  the  same  resuU.)  On  hydration,  according  as 
hydration  takes  place  at  one  or  the  other  junction  of  the 
ethenoid  linkage,  such  a  compound  will  afford  one  or  other  of 
the  two  possible  asymmetric  forms ;  and  if,  as  in  the  case  of 
tartaric  acid,  the  compound  be  sycnmetrical,  it  is  to  be 
expected  that  the  two  forms  will  be  produced  in  equal  pro- 
portions. But  if  an  unsymmetrtcal  compound  be  thus  changt^d, 
such  as  a  hexose  or  an  acid  like  gluconic  acid,  it  is  to  be 
expected  that  the  severance  will  lake  place  to  a  greater  extent 
at  one  of  the  two  junctions,  and  in  some  cases  perhaps  only 
at  one.  When  malic  acid  is  acted  on  by  phosphorus  pt^nla- 
chloriile,  probably  the  first  action  to  occur  is  one  involving  the 
formation  of  a  chlorophosphonium  compound ;  thus  : — 

I  ('jCb)  I  cocw 

CH.OH  +  PCI,  =  CH.O.PCI,  +  HCl 

I  I 

The  next  stage  in  the  change  may  be  assumed  to  be  one 
involving  internal  condensation  : — 
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I  (a  (b) 

CH.O.PCU 


(b) 

o 


+  HCl 


PCI, 


Supposing  that  this  compound  be  then  acted  on  by  hydrogen 
chloride  and  resolved  into  chlorosuccinic  acid  and  phosphorus 
oxychloride,  if  the  attack  became  directed  by  the  phosphorus, 
so  that  the  chlorine  took  up  the  position  of  the  phosphorus, 
complete  inversion  would  be  effected : — 


y 


/ 


Cb) 

o 


\ 


\  <*^  (^^ 

+  HCl  =  C.C1.H  +  POCI3 
/ 


PCI, 


4.  Asyminetric  Synthesis. — In  an  asymmetric  synthesis 
an  active  compound  serves  as  a  starting-point,  to  which  a  new 
radical  is  added  in  such  a  way  as  to  form  a  new  asymmetric 
carbon  atom ;  the  originally  active  portion  of  the  molecule  is 
then  spht  off;  and  if  the  remainder  be  active,  the  problem 
is  solved. 

Fischer  and  Slimmer^  chose  as  their  starting  material  the 
compound  helicin  which  has  the  formula : — 

CeH„05.0.C6H4.CHO 

and  from  the  tetracetyl  derivative  by  means  of  zinc  ethyl,  they 
produced  the  tetracetyl  glucoside  of  f?-hydroxyphenyl-ethyl- 
carbinol,  which  has  the  constitution  : — 

(CH3.CO.O)4.CeH70.C8H4.CH(OH).QH5 

The  glucoside  itself : — 

CeHu05.0.C6H4.CH(OH).C,H, 


*  Fischer  and  Slimmer,  Sitzungsber,  A".  Acad,  VViss.  Berlin^  1902,  597  ; 
Bar.,  86,  257$  (1903). 
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was  obtained  from  this  by  the  action  of  baryta  watt-r ;  and 
from  it  in  turn,  by  hydrolysis  with  very  dilute  sulphuric  acid, 
glucose,  and  (^hydroxy phenyl -ethyl-carbinol  :— 

HO.C,H,.CH(OHJ.C.H.., 

;  formed.     The  latter  was,  however,  found  to  be  inactive. 

Cohen  and  Whitely'  attempted  to  solve  the  problem  by 
esteri/ying  inactive  acids  with  active  alcohols,  and  then  treating. 
them  in  such  a  way  as  to  produce  a  new  asymmetric  carbon 
atom  in  the  final  product  after  splitting  off  the  active  alcohol, 
For  example,  they  began  by  cstcrifying  mesaconic  acid  with 
menthol,  then  reduced  the  ester,  and  finally  hydrolysed  it.. 
The  resulting  methyl-succinic  acid  was,  however,  inactive. 

Scholtz-'  attempted  to  form  optically  active  quaternary 
bases  by  the  action  of  the  active  halogen  alkyls  upon  racemic 
bases;  but  in  this  case  also  no  positive  results  were  obtained. 

Marcliwald^  found  that  on  heating  the  acid  brucine  salt  of 
methyl-ethyl-malonic  acid  until  no  more  carbon  dioxide  is 
evolved,  the  valeric  acid  which  can  be  liberated  from  the 
subslance  contains  a  certain  excess  of  the  Isevo-isomer.  This 
appears  to  be  a  true  asymmetric  synthesis.  The  process  majr 
be  expressed  as  follows: — 

CH.     COOH  CH.      H  CH,      H 

\      /  -  CO,  \      /     lljdtolybU  \  / 

/\  — *  /^—  /r-' 

CjH,     COU-Brucine       CH,      COO-Brucine  QH,      COOH: 

McKen;(ie'  has  shown  that  when  loevo-menthyl-benzoyl 
fornmle,  (I.),  is  treated  successively  with  magnesium-methyt- 
iodide,  water,    and   acid,    it    yields   a    mixture    of  externally 

compensated  and  Isvo-methyl-pheny  I -glycol  lie  acid,  (II.). 
Thus  the  production  of  an  asymmetric  carbon  atom  in  the 
acidic  part  of  the  molecule  of  Iffivo-menthyl-benioyl  fonuatS 


I  CohL-Q  and  Whiicly,  froc.,  IB,  ill 
'  Scholti,  Bcr.,  S4,  301S  (1901). 
'  M«rckwftl(l,  /ler.,  Vt,  4696  (1904). 
'  iUcKeuli^  Tram,,  U,  1149  (1904I 


(1900). 
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is  so  much  influenced  by  the  presence  of  the  active  menthyl 
group  that  it  becomes  active. 

CH3 

QH5— CO— COOQoH,,  CeH«— C— COOH 


OH 
(I.)  (II.) 

McKenzie  *  proved  also  that  when  benzoyl-formic  laevo-men- 
thyl  ester  is  reduced  by  means  of  aluminium  amalgam,  it  yields 
a  mandelic  laevo-menthyl  ester,  C8H8.CH(OH).COOC,oH,9,  ^ 
which  was  found  to  be  a  mixture  of  //-mandelic-Z-menthyl 
ester  with  /-mandelic-/-menthyl  ester.  Since  the  latter  slightly 
preponderated  in  the  mixture,  the  synthesis  of  the  mandelic 
acid  was  an  asymmetric  one.  McKenzie^  has  applied  this 
method  to  other  compounds. 

The  same  author '  applied  a  similar  reaction  in  the  case  of 
the  laevo-menthyl  ester  of  pyruvic  acid,  (I.),  which  he  reduced 
to  the  ester  of  lactic  acid,  (II.).  In  this  case  also  a  slight 
excess  of  the  laevo-isomer  was  present  in  the  final  product. 

CH,r-CO— COOCioH,9  CH3— CH(OH)— COOC,oH,„ 

(I.)  (11.) 

McKenzie  and  Thompson  *  esterified  a  number  of  racemic 
acids  with  laevo-menthol  and  laevo-borneol,  and  subsequently 
subjected  the  esters  to  partial  hydrolysis  with  an  insufficient 
quantity  of  alkali.  It  was  found  that  in  some  cases  thi^ 
method  led  to  a  resolution  of  the  racemic  acid. 

B.  Active  Isomers  which  are  not  Antipodes. 

§   I.    THEORETICAL. 

In  those  compounds  which  we  have  considered  in  the 
preceding   pages,  we  have   had   to  deal  with  isomers  which 

'  McKenzie,  Trans. ^  85,  1249  (1904). 

*  McKeniie,  iHd.,  89,  365  (1906). 

»  McKenzie,  ihid.^  87,  1373  (1905). 

*  McKenzie  and  Thompson,  Trans. ^  87,  1004  (IQOSV 


which  are  not  niiTior- images  of  one  another,  \Vhen  the  two 
formula:  are  superimposed,  it  can  be  seen  that  while  the  group 
-CHOH.CHO  is  the  same  tn  both,  the  rest  of  the  molecule 
is  different.  If  we  suppose  that  the  group  CH,OH.CHOH- 
has  a  rotation  value  of  A,  while  the  other  part  of  the  molecule 
-CHOH.CHO  has  a  value  B,  we  shall  see  that  in  the  two 
compounds  the  value  of  B  has  always  the  same  sign,  i.r.  ihe 
plane  of  polarizalion  is  always  turned  in  the  same  direction  by 
that  group  ;  but  thai  A  is  (  +  J  in  the  case  of  the  erythrose,  and 
(— )  in  the  case  of  the  threose,  where  the  atoms  are  arranged  in 
the  opposite  direction  around  the  asymmetric  carbon  atom. 
Hence  the  molecule  of  erythrose  will  have  a  rotatory  power 
of  (+A  +B),  while  in  Ihe  threose  it  will  be  (-A  +B),  find 
since  B  is  not  zero,  these  two  values  cannot  be  equal  and 
opposite. 


5   n.   PROFERTIF.S  OF  THESE   ISOMERS. 

!n  order  to  illustrate  the  differences  in  properties  brought 
about  by  the  differences  in  configuration  between  isomers  of 
this  class,  it  will  be  best  to  give  a  definite  example.  The  case 
of  the  aldohexoses  may  be  chosen.  The  general  formula  for 
this    class   is   CH.OH.CHOH.CHUH.CHOH. CHOH.CHO; 


^B  inis  cia 
K  Of  the 
H     this    c 
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and  there  are  six  different  derivatives — glucose,  gulose,  mannose, 
idose,  galactose^  and  talose.  The  following  table  exhibits  some 
of  their  properties.  Idose  and  talose  are  omitted^  as  very 
little  is  known  about  them. 


Rotation  .     . 
Sugar  :M.P..      . 
OximerM.P. 
Hydrazonc :  M.P. 


Glucose. 


±51-6' 
"3-5° 


Gulose. 


? 

syrup 

? 

143° 


Mannose. 


±13-4' 
136° 

i76-i84<» 

195° 


Galactose. 


±77-85' 
168° 

175-6° 

158° 


The  solubilities  and  heats  of  combustion  of  the  isomers 
are  also  different  from  one  another. 


§  HL    r^E  TRANSMUTATION  OF  ACTIVE  ISOMERS  INTO 
THOSE  OF  DIFFERENT  CONFIGURATION 

Fischer  discovered  this  class  of  reaction  *  in  the  acids  of 
the  sugar  group.  On  heating  these  acids  alone  to  about 
150**  C,  lactones  are  formed;  but  if  this  be  prevented  by  the 
presence  of  such  bases  as  pyridine  or  quinoline,  a  change  of 
position  of  the  hydrogen  and  hydroxyl  group  attached  to  the 
same  carbon  atom  as  the  carboxyl  group  occurs.  The  reaction 
is  reversible,  so  that  the  change  is  never  complete,  and  a 
mixture  of  the  two  configurations  results.  The  cases  of  the 
conversion  of  /-arabonic  acid  into  /-ribonic,  and  of  ^/-gluconic 
into  </-mannonic  acid,  may  be  formulated  : — 


>  Tollens,  Ber,,  9»  487,  1531  (1876) ;  17,  2234  (1884). 
»  Fischer  and  Hirschberger,  Ber,,  22,  365  (1889). 

*  Rindell,  ScheibUr's  NZ.  Rbz,  Ind.,  4,  170  (1878);   Meissl,  J.  pr. 
Chan.,  [2]  22,  97  (1880). 

*  Fischer,  Ber.,  2$,  799  (1890) ;  24,  2137,  3622,  4215  (1891) ;  27.  3193 

(1894)- 


cooil 


5    IV.   PARTIAL   RACEMISA'n 

In  studying  the  properties  of  the  quinini 
succinic  acid,  T^denburg  found  '  that  when  J 
were  allowed  to  crysialike  at  o",  18"',  and  j 
obtained  which  yielded  an  inactive  acid  i 
point  174-5'  C. ;  while  the  salt  of  the  rf-acid  n 
Further,  he  observed  the  following  solubility  i 

3-2  parts  of  the  /-salt  dissolved  in  10 

4'»      .t      ..  rf-salt  „ 

15     parts  approx.  of  the  /-salt  „ 

From  these  relations  Ladenburg  deduces  tba 
is  not  a  mixture  of  the  two  d-  and  /-salts, 
compound ;  and  that  the  case  is  one  of  pa> 
If  the  temperature  of  crystallisation  be  raised 
salt  crystalhzes  out,  which  shows  weak  dexl 
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printed  in  italics  are  mirror-images  of  each  other,  Fischer  ^  has 
found  that  no  pseudo-racemic  compound  is  formed : — 


COOH 

COOH 

H.OH 

H.OH 

HO.H 

H.OH 

H.OH 

HO.H 

H.OH 
CH^OH 

^                   <^Gluconic  acid. 

\\A a     1 _i 1     - 

HO.H 

CH^OH 

/•Mannonic  acid. 

dibromides  of  cinnamic  and  allocinnamic  acids ;  and  Aschan  * 
found  that  the  oppositely  rotating  forms  of  camphoric  and  iso- 
camphoric  acid  do  not  unite  to  form  a  racemic  compound. 


»  Fischer,  Ber.^  87,  3226  (1894). 
'  Liebennann,  Ber,^  87,  2045  (1894). 
'  Aschan,  Ber.^  27,  2001  (1S94). 


T.  P.  C 


CHAPTER   IV. 

THE  DETERJllNATION   OF  CONFIGURATION. 

t   L   RE.LATIVE  AXD  ABSOLUTE  DSTEKMIXATJO.V. 

In  Ibe  presenl  chapter  bo  aUempt  need  be  made  to  show  d 
metbod  of  detcnniniDe  ifae  coatigamuon  of  many  carboliydi^ 
deriradves.  It  will  be  sufident  to  explain  how  the  configun 
tioos  of  Ihe  most  imponoot  sizars  have  been  ascertainei 
since  from  them  thwie  of  the  deri*-alives  can  easily  be  d( 
dnced.  For  thb  reason  the  following  pages  deal  aimed 
exclusively  with  the  aldoses. 

MThen  we  speak  of  detetmining  the  configuration  oT 
compound,  we  do  not  imply  that  we  intend  to  establish  tl 
ahtoluU  positions  in  space  of  the  various  atoms  in  the  molecule 
but  merely  their  positions  in  relation  to  a  certain  arbitral] 
standard.  For  instance,  the  two  active  tartaric  acids  may 
represented  by  llie  fonuulx  ;  — 


tOOH 

COOH 

HO.H 

H.OH 

H.OH 

HO.H 

COOH 

COOH 

It  is  ini]>ossible  lo  determine  which  of  these  two  fonnuli 
actually  represents  the  tartaric  acid  which  rotates  the  plane 
polarization  to  the  right:   all  that  we  can  say  is  that  if  oi 
formula  be  chosen  to  represent  the  (/-acid,  the  other,  being 
mirror-image,  must  represent   the  /-compound.     Hence  i 
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iDOofiguiation  oC  the  /-acid  is  merely  determined  with   refer- 
to   the   arbitrary  standard   which   we  have   set   up   in 
ing   the   first  formula  to   represent   the  //-acid.      Such 
method   is   termed  a    relative  configuration    determination ^ 
an  absolute  one.     The  work  of  Fischer  *  should  be  con- 
[folted. 


§   II.    THE   PENTOSES, 

9 

When  the  compounds  of  the  general  formula  : — 

CH20H.(CH.OH)3.CHO 

are  considered,  it  will  be  found  that  there  are  eight  possible 
stereochemical  formulae,  corresponding  to  the  d-  and  /-forms 
of  arabinose,  lyxose,  ribose^  and  xylose. 


I 


CH,OH 

CH.OH 

CH.OH 

CH.OH 

HO.H 

HO.H 

H.OH 

H.OH 

HO.H 

HO.H 

HO.H 

HO.H 

HO.H 

H.OH 

H.OH 

HO.H 

CHO 

CHO 

CHO 

CHO 

(1) 

(2) 

(3) 

(4) 

CH,OH 

CH2OH 

CH,OH 

CH.OH 

H.OH 

H.OH 

HO.H 

HO.H 

H.OH 

H.OH 

H.OH 

H.OH 

H.OH 

HO.H 

HO.H 

H.OH 

CHO 

CHO 

CHO 

CHO 

(5) 

(6) 

(7) 

(8) 

It  will  be  noticed  that  (5),  (6),  (7),  and  (8)  are  merely 
mirror-images  of  (1),  (2),  (3),  and  (4).  They  may  therefore 
be  left  out  of  consideration  for  the  present,  since  it  will  be 

>  Fischer,  Ber.,  27,  j/89  {1^9^). 
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easy  to  name  them  as  soon  as  the  first  four  substances  hafe 
been  identified. 

From  the  fact  that  arabinose  and  ribose  give  the  same 
osazone,  it  will  be  evident  that  the  only  difference  between 
these  sugars  must  be  in  the  configuration  of  the  asymmetric 
carbon  atom  next  to  the  aldehyde  group,  since  the  asymmetiy 
of  this  atom  only  is  destroyed  by  the  formation  of  the  osazone. 
Arabinose  and  ribose  must  therefore  be  either  (1)  and  (J^ 
or  (3)  and  (4),  for  only  these  pairs  have  the  three  upper 
carbon  atoms  of  each  pair  alike. 

Arabinose  on  oxidation,  yields  active  trihydroxy-glutaric 
acid,  while  ribose  and  xylose  produce  inactive  trihydroxy- 
glutaric  acid. 


CH..OH 

CH,OH 

CH..OH 

CHoOH. 

HO.H 

HO.H 

H.OH 

H.OH 

HO.H 

HO.H 

HO.H 

HO.H 

HO.H 

H.OH 

H.OH 

HO.H 

CHO 

CHO 

CHO 

CHO 

\ 

1 

1 

\ 

COOH 

COOH 

COOH 

COOH 

HO.H 

HO.H 

H.OH 

H.OH 

HO.H 

HO.H 

HO.H 

HO.H 

HO.H 

H.OH 

H.OH 

HO.H 

COOH 

COOH 

COOH 

COOH 

Inactive. 


(1) 


Active. 


Inactive. 


(2) 


(3) 


Active. 


(4) 


Therefore  ribose  and  xylose  are  (1)  or  (3);  arabinose  is 
either  (2)  or  (4);  and  lyxose,  the  remaining  sugar  of  the 
group,  must  have  whichever  of  the  formulae  (2)  and  (4)  is 
not  appropriated  to  arabinose. 

Now,  tlic  osazone  evidence  shows  that  if  arabinose  is  (2), 
ribose  must  be  (1) ;  or  if  arabinose  is  (4),  then  ribose  must 
be  (3). 

When  subjected  to  Kiliani*s  reaction  *  and  subsequent 
oxidation,  arabinose  is  found  to  give  two  active  dicarboxylic 
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Lds ;  while  lyxose  gives  one  active  and  one  inactive  dicarboxylic 


CH.OH 
HO.H 
HO.H 
/      H.OH    \ 
1^  CHO     N 


CHjOH 
EHO.H 
HO.H 
ROH 
HO.H 
COOH 

\ 
COOH 
HO.H 
HO.H 

H.OH 
HO.H 
COOH 

Active. 


CH.,OH 
HO.H 
HO.H 
H.OH 
H.OH 
COOH 

\ 
COOH 

HO.H 

HO.H 

H.OH 

H.OH 
COOH 

Active. 


(2) 


CH2OH 
H.OH 
HO.H 
/  HO.H 
^  CHO 

CH2OH 


H.OH 
HO.H 
HO.H 
HO.H 
COOH 

COOH 
H.OH 
HO.H 
HO.H 
HO.H 
COOH 

Active. 


CH,OH 
H.OH 
HO.H 
HO.H 
H.OH 
COOH 

COOH 
H.OH 
HO.H 
HO.H 
H.OH 
COOH 

Inactive. 


(4) 


Arabinose  is  therefore  (2),  whence  ribose  must  be  (1) ; 
and  since  from  the  above  also,  lyxose  is  (4),  xylose  must 
be  (3). 


•  Kiliani*s  reaction  *  consists  in  (i.)  the  addition  of  hydrocyanic  acid 
to  the  —CHO  group  of  an  aldose ;  (ii.)  the  hydrolysis  of  the  cyanhydrin 
wUB  obtained  ;  (iii.)  the  reduction  of  the  resulting  carboxylic  acid  with 
sodium  amalgam. 


CH(OH) 

I 
CHO 


CHOH 

I 
CHOH 

I 

CN 


I 
CHOH 

I 
CHOH 

COOH 


I 
CHOH 


CHOH 

I 
CHO 


(I.) 


(H.) 


(HI.) 


As  can  be  seen  from  the  above  formulae,  it  is  a  method  by  which  a  chain 
nay  be  lengthened  to  the  extent  of  one  carlion  atom. 

•  Kiliani,  Btr.,  19,  1914,  3033('SS6);  21,  gi6  (1888). 
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The  following  formulae  have  thus  been  established  : — 


The  riboses. 

The  arabinoses. 

The  xyloses. 

TbelyxoMs. 

CH.OH 

CH./)H 

CH^OH 

CH,OH 

HO.H 

HO.H 

H.OH 

H.OH 

HO.H 

HO.H 

HO.H 

HO.H 

HO.H 

H.OH 

H.OH 

HO.H 

CHO 

CHO 

CHO 

CHO 

(1) 

(2) 

(3) 

(4) 

CH.,OH 

CHoOH 

CHjOH 

CHaOH 

H.OH 

H.OH 

HO.H 

HO.H 

H.OH 

H.OH 

H.OH 

H.OH 

H.OH 

HO.H 

HO.H 

H.OH 

CHO 

CHO 

CHO 

CHO 

(5) 

(6) 

(7)    . 

(8) 

§   III.    THE  HEXOSES, 

There  are  sixteen  possible  stereochemical  forms  of  com- 
pounds having  the  formula  CH.,OH.(CHOH)4.CHO.  They 
are  given  in  the  table  at  the  end  of  this  chapter.  As  in  the 
case  of  the  pentoses,  certain  of  the  formulae  represent  the  mirror- 
images  of  the  others;  so  that  for  the  present  we  need  only 
consider  the  first  eight  configurations. 

When  arabinose  is  subjected  to  Kiliani's  reaction,  and  the 
product  is  reduced,  it  yields  a  mixture  of  mannose  and 
glucose. 


CH..OH 

CH..OH 

CH,OH 

HO.H 

HO.H 

HO.H 

HO.H         ^ 

HO.H 

^     HO.H 

H.OH 

H.OH 

H.OH 

HO.H 

CHO 

H.OH 

CHO 

CHO 

(in.) 

Arabinose. 

(VI.) 

Glucose  and   mannose   must    therefore   be    either   (III.)    oi 
(VI.).    Now,  it  is  found  that  saccharic  acid, 
COOH-CH(OH)-CH(OH)-CH(OH)-CH(OH)— GOGH, 
which  is  obtained  by  oxidising  glucose,  can  also  be  produced 
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by  the  oxidation  of  another  sugar,  gulose.  This  can  occur 
only  if,  when  the  groups  — CHO  and  CH^OH  are  transposed 
in  glucose,  a  new  sugar  is  formed.  If  this  transposition  be 
carried  out  in  formula  (III.),  we  do  actually  find  that  a  new 
sugar  is  produced ;  which  does  not  occur  in  the  case  of  the 
symmetrical  formula  (VI.). 


CH,OH  CHO 

HO.H  HO.H 

HO.H  HO.H 

H.OH  Transp^ion  H.OH 

HO.H  "^  HO.H 

CHO  CH2OH 

(III.)  New  sugar. 


CH.,OH  CHO 

HO.H  HO.H 

HO.H  HO.H 

H.OH  Transposition  H.OH 

H.OH  H.OH 

CHO  CH.,OH 

(VI.)  Same  sugar. 


Hence  glucose  is  (III.)  and  mannose  is  (VI.) ;  and,  further 
the  stereo-formula  for  gulose  must  be  (IV.) : — 

CH.,OH 

H.OH 

HO.H 

H.OH 

H.OH 

CHO 

The  case  of  idose  and  gulose  must  next  be  dealt  with. 
These  two  sugars  give  the  same  osazone ;  and  a  mixture  of 
them  is  produced  from  xylose  by  Kiliani's  reaction  and  sub- 
sequent reduction.  Idose  and  gulose,  therefore,  differ  only  in 
the  configuration  of  the  carbon  atoms  next  their  aldehydic 
groups.  But  it  has  already  been  proved  that  gulose  is  (IV. ), 
so  that  idose  must  be  (VIII.)  : — 


CH,OH 

CH..OH 

H.OH 

H.OH 

HO.H 

HO.H 

H.OH 

H.OH 

H.OH 

HO.H 

CHO 

CHO 

(IV.) 

(VIII.) 

There  now  remain  four  formulae  whose  identities  have  woV 
been  determi/^e^.     They  are — - 


Now,   i>n   oxidation   or  reduction,  galactcl 
piiKliicts.     Il  must  therefore  be  either  (I.)  i 
be  (jilhw  of  the  other  two. 

By  Kiliani's  reaction,  galactose  gives  tl 
which  can  be  oxidised  to  two  active 
acids.  Only  formula  (Vil.)  fulfils  this  conditi 
{!.)  gives  one  active  and  one  inactive  acid  :- 


CH,OH 

HO.H 

ai 

Hd.H 

p 

HUH 

B 

^HO.H     V 
(^        CHO  >• 

^„c 

CH.OH                CH..UH 

CH,OH 

HO.H                   HOH 

HO.H 

HO.H                   HO.H 

H.OH 

HO.H                   HO.H 

H.OH 

HO.H                   HO.H 

HO.H 

HO.H                      H.OH 

Hd.H 

COUH                 COOH 

COOH 

\                           .1. 

^^^^^m 
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The  formula  for  galactose  is  therefore  (VII.)  : — 

CH2OH 
HO.H 
H.OH 
H.OH 
HO.H 
CHO 

Now,  galactose  and  talose  give  the  same  osazone ;  therefore 
they  differ  only  in  the  symmetry  of  the  carbon  atom  next  the 
aldehyde  group.     Hence  talose  must  be  (V.)  : — 

CHoOH 
HO.H 
H.OH 
H.OH 
H.OH 
CHO 

The  sugars  corresponding  to  the  remaining  two  formulae 
(I.)  and  (II.)  are  not  known. 

From  the  results  of  other  reactions,  which  it  is  not  necessary 
to  discuss  here,  Fischer  has  deduced  that  a  close  relationship 
exists  between  the  pentose  configurations  numbered  (1),  (2), 
(3),  (8),  and  the  hexose  formulae  (I.)  to  (VIII.).  Since  it  is 
impossible  to  say  which  of  the  two  glucose  formulae  represents 
the  actual  dispositions  of  the  atoms  in  //-glucose,  all  that  can 
be  done  is  to  attribute  arbitrarily  one  of  the  two  formulae  to 
^•glucose,  and  the  mirror-image  formula  to  /-glucose.  The 
recognized  convention  is  to  choose  formula  (III.)  for  ^/-glucose, 
whence  it  follows  that  (XI.)  is  /-glucose.  If  this  nomenclature 
he  adopted,  all  the  hexoses  (I.)  to  (VIII.)  are  classed  as  ^-com- 
pounds, while  their  mirror-images  (IX.)  to  (XVI.)  arc  called 
Propounds.  Similarly,  the  pentoses  (1),  (2),  (3),  (8),  since 
they  are  related  to  the  ^-hexoses,  are  also  called  //-compounds. 
Thus  the  configurations  of  all  the  pentoses  and  hexoses  have 
been  settled. 

§   IV.    THE    HEPTOSES, 

^^llen  //-glucose  is  treated  by  Kiliani's  reaction,  two  acids 
are  formed:  a-^wcoheptonic  acid,  and  yff-glucoheptonVc  acvd. 


^"  ^^^^^^^^H 

IBI^I^Ihi^BH^H^B^IH 
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On  oxidation,  o-glucoheptonic  acid  gives  an  attive  add,  Iffl 

the  /3-acid  yields  an  inactive  proiJuct.   Therefore  (I.)  represen 

n-glucoheptonic  acid,  and 

^^m 

^^M 

HO.H                                  ^^H 

H.OH                                ^^H 

(1.)      1/ 

HO.H       N.                          ^H 
CHO     >=^     (II.)          ^H 

CH-OH 

G1i>c..i;e.               CH,OH        ^^1 

HO.H 

HO.H                ^^H 

HO.H 

HO.H                ^H 

H.OH 

H.OH             ^H 

HO.H 

HO.H                  ^™ 

H.OH 

HO.H 

COOH 

COOH 

B-Glucohqiloaic  acid. 

COOH 

3-<-iluci>hcptonic  acid. 
COOH 

HO.H 

HO.H 

HO.H 

HO.H                  ^^ 

H.OH 

H.OH            ^H 

HO.H 

HO.H               ^H 

H.OH 

HO.H                ^^1 

■    COOH 

COOH        ^^H 

(Aotiv) 

<                       ^^^1 

5  V. 

TflE    TETUOSE.S. 

1                There  are  four  possible  configutalions  for  a  compound 

the   general    formula    CH,OH-CH(0H)-CH(OH>— Cfl 
vit.:— 

CH,OH            CH.,OH            CH,OH            CH,OH 

H.OH               HO.H 

HO.H                  H.OH 

H.OH                 H.OH 

HO.H                HO.H 

CHO                   (HO                 CHO                   CHO 

(a)                    'b) 

(c)                    (d) 

01  ihese,  (0)  .in<l  (d) 

are  the  mirror  images  of  (a)  and  ^ 
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When  /-xylose  is  treated  by  Wohl's  reaction,*  it  is  converted 
into  /-threose,*  which,  on  oxidation,  forms  /-tartaric  acid  : — 


CH,OH 

CH2OH 

COOH 

HO.H 

HO.H 

HO.H 

H.OH 

-> 

H.OH         -> 

H.OH 

HO.H 

CHO 

COOH 

CHO 

/-Xylose. 

% 

/-Threose. 

/-Tartaric  acid 

Hence,  //-threose  and  ^-tartaric  acid  are  :- 


CH20H 

COOH 

H.OH 

H.OH 

HO.H 

HO.H 

CHO 

COOH 

Wohl's  reaction,  when   applied   to  /-arabinose,   produces 


Wohl's reaction  {Her.^  82,  3666,  1899)  may  be  expressed  as  follows  :— 


CH,OH 
(CH.OH) 


NHjOH 


CHjO.CO.CH, 
(CH.O.CO.CHjU 
CH.O. 


I 
CN 


CO.CH, 


(in.) 


CH,OH 
(CH.OH)„ 

CH.OH 

I 
CH:NOH 

(11.) 


CH,OH 

-HCN  (CH.OHU 

CHsCOOH        CWO 

(IV.) 


The  oxime  (II.)  is  made  in  the  usual  way  ;  it  is  then  allowe<i  to  react 
'nth  acetic  anhydride  and  sodium  acetate,  whereby  water  is  lost  and  the 
wrile  (III.)  is  formed.  This  is  treated  with  caustic  potash  and  then 
'rilh  hydrochloric  acid,  whereby  acetic  acid  and  hydrocyanic  aciil  are 
Kbenued  in  turn,  and  the  aldehyde  (IV.)  is  formed. 

'  Maqoenne,  Bull.  Sm:  cZ/tm.,  [j]  2S,  l^Sj  (19CX)). 
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/-erythrose,   whose  formula  must    therefore    be   that    show 
below : — 


CH,OH 
H.OH 
H.OH 
HO.H 

CHO 

•  /-Arabinose. 


CHaOH 
H.OH 
H.OH 

CHO 

/•Er^ihrose. 


Hence,  ^-^rythrose  is  :- 


CHaOH 
HO.H 
HO.H 

CHO 


§  VI.    COMPOUNDS   CONTAINING    ONE    ASYMMETRIC 

CARBON  ATOM, 

When  ^-tartaric  acid  is  reduced  with  hydriodic  acid,  it 
yields  </-malic  acid ' : — 


COOH 
H.OH 

COOH 
CHa 
HO.H 
COOH 

HO.H 
COOH 

f/- Tartaric  acid. 

^-Malic  acid. 

Fience,  /-malic  acid  is  : — 

. 

COOH 
CHo 
H.OH 
COOH 

'  Schmitt,  Annalerty  114,  io6  (i860). 


K 


HO.H 
HO.H 
HO.H 
HO.H 


CHO 

(I) 

c: 

s 

CHjOf 
H-OH 
H-OH 
H-OH 
H-OH 

CHO 

(IX.) 


CH.OH 
•lO.H 
H.OH 
H.OH 
lO.H 
CHO 


(VII.) 


CO 

O 

U 

O 


CHoOH 
H.OH 
KO.H 
HO.H 
H.OH 
CHO 

(XV.) 


CH,OH 
H.OH 
HO.H 

H.OH 
HO.H 
CHO 

(vni.) 


CO 
CO 

o 


CH..OH 
HO.H 

H.OH 
HO.H 
H.OH 
CHO 

(XVI.) 


ST«i 


To  face  page  i(> 


CHAPTER   V. 


ITME   ASYMMETRIC  CARBON  ATOM  AS  A  RING-MEMUER," 

I  Wben  an  asymmetric  carbon  atom  is  introduced  Into  a  ring, 
'  it  will  at  once  be  seen  that  the  existence  of  two  antipodes  will 
de[>end  upon  the  positions  of  certain  atoms  with  regard  to  tlie 
ring  itself.  For  instance,  in  the  case  of  the  two  compounds 
■hown  below,  it  is  obvious  that  the  one  isomer  is  produced 
from  the  other  by  exchanging  the  groujJs  A  and  B ; — 
A— C— B  B-C— A 


This  introduces  the  conception  of  cis-lrans  isomerism  in  rings, 

.\  41.  h  will  he  dealt  with  fully  in  another  part  of  this  book.     In 

l.iestnl  chapter  the  matter  will  be  considered  only  in  so 

;    as  it  concerns  the  production  of  optical  activity  in  these 

I  >  ■[ii(.>ounds. 


5    l.     THE    GRAPHIC   REPRESENTATION  OF  STEREO- 
ISOMERS   01'    THE    CYCLIC    TYPE. 
It  is  evident  that  if,  iii  any  cyclic  molecule,  the  plane  o 
the  ring  is  a  plane  of  symmetry  of  the  molecule,  neither  optica 
activity  nor  geometrical  isomerism  is  to  be  expected.    In  order 
to  render  the  differentiation  of  stereoisomeric  bodies  simpU 
Aschan  '  has  devised  the  following  method.      He  represents 
the  plane  of  the  ring  by  a  straight  line,  so  that  in  saturated 
alicyclic  compounds  the  subslituents  must  lie  either  above 
below  this  line.     For  instance,  mono-chloro-  and  cis-dichloro- 
pentamethylene  are  represented  as  shown  below  :— 

■  Tht  iai\  chiipter  i>f  Pari  II.  :^ould  be  consulle 
'  Aschan,  Bit.,  iA,  3390  (tgca). 


CH,— CH, 

g  CI 

not  usually 
d  meifaylene  group;  but 
;  be  Sf^mttnaBf  pbced  with  r^^rd 
:  as  ■  whofe.  wide  ■  iNid  is  pbced  unsy 
nkalljF  wA  regud  to  Ibe  tet  tm^  il  b  necessary  to  Kpn- 
sent  a  mt&cfitae  groap.  Ths  b  osoally  done  by 
of  a  veftical  Sbcl  To  nake  this  poifX  dear,  the  case  of 
atentbone  may  be  dwnt.  Its  Bokcule  contains  two  unlike 
substituents — tsoprapyl  (X>  and  nelfayl  (Y)— in  S)intnetric8l 
positions,  wbilc  an  oijcts  atum  is  attached  to  a  third  carbon 
atom.  The  (M)-^en  atom  (ZZ),  being  attached  to  two  caibon 
valencies,  motf  be  re|NcaeMed  as  both  above  ami  below  the 
pluK  of  sfounetiy  of  the  noAccidc,  since  if  it  were  rejdaced  by 
two  hydrogen  atotns  one  would  be  abore  and  the  other  below 
this  plane.  The  fonmdje  sbow  that  four  space  fonnuUe,  all  active, 
are  possible,  (I.)  and  (111.)  being  nunor  images  of  <ll.j  and 


C.H,-CH^                  XH-CH, 

ch;^^h. 

XZ)V              Y|2X 
Z|                   ^ 

a.)           (11.) 

XZI                   IZX 

ZIY              V|Z^ 

(III.)        av.) 

It  should  be  noticed  that  only  those  monocyclic  foTms  are 
identical  which  can  be  superposed  either  directly  or  after  tam- 
ing the  paper  through  an  angle  of  iSo". 

For  example,  the   1,3-dicarboxyIic  acids  of   trimethylene 

t  in  the  forms  represented  by  the  three  formula  below ; 

^exckuks  the  tacemic  form) :  — 
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)OH     COOH 

I 
C 


COOH    H 

I 

C 


-c 


C       H 


l\  H 


H 


V 


/I 


H 

I 
C 


COOH 


COOH 


cooirc^    K 


H 


I 

H 


I 
H 


I 
H 


(I.) 


(11.) 


(III.) 


These  are  represented,  on  Aschan's  system,  by  the  follow- 
;  figures : — 

X     X  X X 

X  X 

(I.)  (II.)  (III.) 

L  can  be  seen  at  once  from  either  the  first  or  second  series  of 
Dnnulae  that  (I.)  has  a  plane  of  symmetry  perpendicular  to 
lie  plane  of  the  paper  and  lying  between  the  two  X's.  It 
Aerefore  represents  an  internally  compensated  active  form. 
tOn  the  other  hand,  {IL)  and  (III.)  are  mirror-images  of  each 
,  and  represent  the  two  active  forms  of  the  acid.  The 
mic  form  would  be  obtained  by  mixing  (II.)  and  (III.)  in 
iolecular  proportions. 


[III.   CYCLIC  COMPOUNDS   WITH  ONE   OR  MORE  ASYM- 
METRIC CARBON  ATOMS  IN  THE  RING. 

Cyclic  compounds  with  one  asymmetric  carbon  atom  in 
fcring  exist  in  two  isomeric  active  forms,  which  are  optical 

podes  of  one  another.  They  differ  in  no  great  degree  from 
"ttdinary  open-chain  antipodes,  and  therefore  need  not  be  dis- 
taned  in  detail. 

We  must  now  deal  with  compounds  with  more  than  one 
^fnunetric  carbon  atom  in  the  ring ;  and  it  will  be  best  to 
•Offline  first  the  monocyclic  substances.  A  close  resemblance 
^  be  traced  between  this  class  of  compounds  and  those  of 
Ike  aliphatic  series,  which  contain  more  than  one  asymmetric 
c^iboD  atom.  Just  as  in  the  case  of  the  tetroses,  a  cyclic 
taponnd  containing  two  asymmetric  carbon  atoms  in  the 


I 


I 


So 
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ring  can  exist  in  four  optical  isomers,  divisible  into  two 
of  antipodes.  In  general,  however,  the  differences  brt 
two  open-chain  antipodes  are  less  marked  than  those  beH 
cyclic  anlijxjdes ;  and  this  distinction  is  usually  attributed  K 
existence  in  aliphatic  compounds  of  free  rotation  of  the  ci 
atoms  about  a  common  axis,  which  tends  to  make  one  iso 
more  like  the  other  in  such  properties  as  anhydride-formal 
for  since  freedom  of  this  kind  does  not  exist  in  the  cyclic 
they  catinot  be  expected  to  show  the  same  resemblances. 

In  the  case  where  we  have  two  asymmetric  carbon  at 
as  members  of  the  ring  in  a  cyclic  compound,  we  may  \ 
one  of  two  alternatives ;  the  two  asymmetric  atoms  m 
structurally  different,  or  they  may  be  alike  in  structure, 
a  few  examples  of  the  first  type  are  known  in  which  it  has  t 
possible  to  isolate  all  four  active  isomeric  forms.  The  fori] 
of  all  the  isomeric  camphoric  acids  may  be  given  as  an  exan 
For  information,  reference  may  be  made  to  the  papen 
(^■camphoric    acid,'  on   /-camphoric  acid,"  on  (/-isocampti 

'  liu-^earlen,  Diisertaliii  ilk  Campknra  tt  partthiii  qui  tarn  teii/A 
(■7^5) :  Mnloguli,  Liebig,  and  Laurcnl,  AniiateH,  2S,  3)!,  jo,  135  (t{ 
Gerhudl  ami  Lici-Bmi»il,  Annalm,  t%,  293  ( 1849) ;  Moilesbicr,  Amm 
190.  i%i  I1S61);  IllasiH'elE  and  GrnbowEky,  AnHitlai,  14fi,  205  (1! 
V.  Meyer,  Bir.,  8,  117  (1870);  Wteden,  AHHaltn,  16!.  3^3  " 
Kadilet.  AhhiIiii.  181.  143  {1878) ;  Monlgolfier,  Ann.  CkiH,.  Phyt. 
U,  5  (1878);  Maissen,  Gaactla.  10,  2S0  (iSSo);  Schroedcr,  Bn-^ 
1072(1880)1  Bdlis  Bt,.,  14,  33S(tS8i);  Kannonikow,  7. /r.  C4ffl». 
31,  349  (188s);  Betihobi,  BuU.Sae.  .iim.,  |z]  U,  70  (1886);  Hi 
C-«/V.  rtH.!.,  10*,  68  (1887)  ;  Gal  and  Werner,  Buif.  Jw-.  M™.,  [a] 
163  (1887)1  ilartmann,  Birr.,  XI,  311  {i838) ;  Minninf-  and  Edwi 
Am.  Citm.  7.,  10,  133  (I&88) ;  Lou|,Timliie,  Coiafit.  rmd.,  107, 
{lUSg) ;  Ostwald,  Zeit.  fAysitat.  Ckm..  8,  404  (iKKg) ;  Jiinellebch,  CM 
rend.,  110.  791  (1890)1  Bruhl.  Ber..»i,  3409  (iSgi);  Kricdcl.  Cm 
mJ.,  113,  825  (1891):  Gladsluni-,  Trn«s.,  69,  590  {1891):  Hnibl  I 
Bnunschwi-iij.  Bft.,  31,  tSoi  (1892)1  Oainn,  Ar..  SS,  180S  (l8g 
Noy«,  Am.  Ciem.  J.,  16,  501  (1894);  Aschin,  Bir..  87,  2001  (189 
Alia  Sof.  SciiHl.  Ftiitiet,  21,  [si.  47  (1S9S)  J  Ktaffl  ami  Wcinlandt,  A 
28,  3341  (1S96)!  Vnnino  and  Thielc,  Bcr.,  SS.  172S  (1S96) ;  Wal4 
Her.,  29,  1700  (1896)1  fimrd,  Compt.  rtnJ.,  ISO,  570  (1900);  Asch 
■naltn,  316,109(1901)1  K.impjm,  AfT-..  36.  4331  (1903). 

'  ChnUlaH,  Ccmpi.  n-nd.,  66,  69S  (1863) ;    Uuguiniiie.    Cempt.  ra 
107,  614  (1SS8)  1  Junglteiicb,  Cemff.  rem/.,  110,  7<ji  11890). 


M,'  and  on  /-isocamphoric  acid.'    Arbitrarily  choosing  c 
nGguralion   to  represent  the  dextro-camphoric  acid,  wc  may 
ite  all  four  isomers  thus  : — 


(CH.).:C 


(CH,)- :  C 

I  ,COOH 


ACaniphoiic 


rf-Iso 


niphotic 


I  Three  other  examples  may  be  mentioned — limonene  nitro- 
Isochloride,^  limonene  nilrofanilide,'  limonene  nilrolpiperide,'' 
find  n-phenyl-a'-methyl-piperidine,"  The  malerial  at  present  at 
our  command,  however,  is  so  restricted  that  it  is  hardly  worth 
while  to  enter  into  a  discussion  of  these  compounds. 

'  Jungflcisch,  Comfl.  rend.,  110,  -jfji  (1S90) ;  Aschan,  Acla  Sue.  ScicnI. 

^»w«,  «.  Isl  53.  i64liS9S)- 

*  Wrciln,  AHnalea,  163,  318  (1877);  Kachlcr,  Aiinaltn,  191,  146 
(1878) :  Friedel,  Comft.  rend.,  IH,  978  ( 1SS9)  ;  Marsh,  CJitm.  A'nni,  BO, 
J07 11889) ;  Jimgfleisth,  Compt.  rend.,  110,  792  (1890) ;  Aschan,  Ber.,  87, 
sool  (1894):  MohU  and  Ticmann.  Bfr.,  88.  3153  (1S95);  Auwers  and 
Schtdcbci.  /tuna/en,  309.  J43  (1900)- 

'  VfMach,J'i»a/n,26t,  106  (tSSg)  1  STD,  i84(iS93)  ;  ^^.,88,  1308, 
U74  M89;) ;  Bacyct,  ffer..  28,  64S  (1S95). 

■  Wi»acb,.UHa/^,  262,  1 18  [1889) ;  270,  180(1892), 
Wnllach.  AnnaUn,  862,  113,  146  (18S9). 
.-?  chain  aiul  UitUci,  Ber.,  n,  iSjJ  (1900). 
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When  the  two  asymmetric  carbon  atoms  in  the  ring  are 
structurally  alike,  we  have  an  isomerism  resembling  that  of  the 
tartaric  acids  :  the  existence  of  two  active  isomers  and  a  single 
internally  compensated  one  can  be  foreseen.  Here,  again,  the  ^ 
material  known  is  too  restricted  to  yield  any  inferences,  and 
the  same  may  be  said  for  the  cases  in  which  there  are  moie 
than  two  asymmetric  carbon  atoms  in  the  ring. 

In  comparison   with  the  number  of  open-chain    stereo-'  ^ 
isomeric  substances,  only  a  few  compounds  are  known  which 
contain  a  double  cyclic  system  in  their  molecule.     The  chief 
substances  of  this  class  are  naturally  occurring  bodies  like  the 
terpenes.     It  will  not  be  necessary  to  enter  into  a  detailed 
study  of  the  group ;  but  since  in  their  main  characteristics  these 
dicyclic  compounds  differ  to  some  extent  from  the  substances 
which  have  already  been  described,  it  is  desirable  to  mentioa 
such  differences  here. 

It  appears  that  in  some  cases  where  two  sets  of  isomers  aie 
to  be  expected  from  the  graphic  formula  of  a  compound,  odIj 
one  of  the  two  sets  actually  exists ;  for  the  other  is  apparentlf 
in  too  great  a  state  of  strain  to  be  stable.  For  example,  in 
the  case  of  camphor,  we  might  expect  to  find  four  compound! 
corresponding  to  the  four  formulae  : — 


H 


\ 


CH3— CH2 
CH3' 


CHo- 


C 


CH, 


CH, 


/ 


CH, 


CO  CO 

d-  and  /-Camphor. 


Cri.* — CH< 

CH, 


chT^ch, 


CH2 — CHj 
CH.     CH,     /      CH, 

1 
CH, 


9  CHj 

(Unknown) 


It  seems  probable  that  the  result  of  heaping  up  ring  upon 
t  ring  is  to  produce  a  tendency  towards  grouping  the  atoms  of 
^   each  ring  more  or  less  in  a  plane  configuration. 

Certain  dicyclic  compounds  have  the  second   ring   in   a 

idane  perpendicular  to  the  first,  while  others  have  the  two 

■*■   planes  at  different  angles;  these  differences  naturally  produce 

variations  in  the  optical  behaviour  of  the  bodies  in  question. 

The  papers  by  Piccinini/  Aschan,***  and  Skraup  '*  may  be  con- 

[    salted  on  this  subject. 


§   III.   IXACTIVE  MOLECULES   WHICH  APPAREXTLY 
HAVE  NO  PLANE   OF  SYMMETRY, 

To  determine  whether  or  not  a  compound  is  optically 
active,  it  has  hitherto  been  sufficient  to  see  whether  or  not 
the  space  formula  of  one  half  of  the  compound  was  the  mirror- 
image  of  that  of  the  other  half.  If  it  was,  that  showed  that 
the  compound  in  question  possessed  a  plane  of  symmetry,  and 
was  therefore  inactive.  Now,  however,  we  must  consider  a 
slightly  different  case. 

Ladenburg*  was  the  first  to  call  attention  to  this  phenomenon, 
which  he  had  observed  in  the  case  of  a-  y-diacipiperazines  : — 

^CH.R— CO^ 

X.N  N.X 


1 

V 

I 


CO— CH.R 


The  peculiarity  of  such  molecules  lies  in  the  fact  that  they  can 
be  divided  by  a  plane  into  two  halves,  one  of  which  must  then 
be  turned  through  an  angle  of  i8o°  in  order  to  make  it  the 
mirror-image  of  the  other  half.  According  to  the  ordinary 
view,  such  a  molecule  ought  to  be  active,  but,  as  a  matter  of 
fact,  it  is  inactive. 


»  Piccinini,  Gazzttia,  80,  1.  125  (1900). 

*  Aschan,  Annaitft,  316,  200  (1901). 

*  Skraup,  Ber.y  86,  141  (1903). 

«  I^denbnrg,  Btr,,  28,  1995,  3104  (1895). 
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According  to  Grolh.'  the  plane  in  question  is  or 
liirea  symmetry.     The  following  figure  shows  what  is  n 


I   indirect  symmeir)' 


/\ 

I     I 

A       B 
W 

(il.) 


The  lower  half  of  (1.)  must  be  turned  through  an  angle  of  i8o' 
in  order  to  produce  (II.),  in  which  the  top  half  of  the  molecule 
is  the  mirror-image  of  the  lower  half. 

The  following  instances  of  this  kind  may  be  mentiona 
i,3-dimethyl-cyclobutane-a,4-dicarljoxylic  acid  (Fig.  19) 
kclo-form  of  irans-succinylo^uccinic  acid  (Fig.  20);  tmns-ji 
dini(.-lhyl-»,4-cyclohexadiene-i,4-dicarboxylic  acid  (Fig.  ji). 


'  Grolh,  Str.,  9S,  3510  (1895). 
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aUfkatiuM  at-traiu-immertr  I'-irtitdKi^ffn,  mittt  Seln 
iier  aijmmOriuMen  KMmskff  mmd  MtlekmitnAsym 
hu  dealt  vith  molectiles  of  the  aOvieae  type,  and  In 
thsl  tto  plane  of  indirect  ^aaottrj  is  to  be  locmd  in  cm 
of  the  geneial  fonnula  : — 


r 


The  figure  below  iUu&uates  such  a  case  graj 
If  wc  Arm  a  pLini 


I 


',  through  the  middle  catbo 
perpendicular  to  the  11 
ing  the  centres  of  th 
caibon  atoms,  and  tl 
volve  one  of  the  ha 
ilic-  iiioli-cule  ahout  tl 
through  an  angle  of  i 
jilane  P  becomes  a  | 
symnieto"  of  the  molec 

II         ,''  is    not,    however,   a    p 

'<,'''  indirect   symmetry,  foi 

Fi,;.  It,  revolution  be  continued 

another  90"  (180^  in 
symmetry  is  then  found.     The  compound  should  then 
active,  aiid  exist  in  two  antipodes.     This  had  been  p 
'  by  van't   Holif  in  his  book,  T/u  ArraiigemtHt  of  A. 

y'ipiuc.     A  practical  application  of  this  is  found  in  con 
)f  the  lyijcs:  — 
r 


,CH,        CH, 


CHX 


'  DiiitrttttUHi  llcluu|£b>is,  1904. 
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XHC^  ^C^  "^CHX 

Cri2.Cria  C^xi2.v/H2 

Hartwall  defines  the  relation  between  optical  activity  and 
molecular  asymmetry  as  follows:  '*A  compound  is  optically 
active  when  its  mofecule^  represented  in  tetrahedral  models^ 
cannot  be  brought  into  a  form  which  possesses  one  or  more 
planes  of  symmetry^  common  or  indirect." 


§   IV.   PSEUDO-ASYMMETRY  IJV  CYCLIC  COMPOUNDS. 


In  the  above  figure,  it  is  obvious  that  two  of  the  carbon 
atoms  are  really  asymmetric^  while  on  closer  examination  it 
will  be  found  that  the  one  marked  with  an  asterisk  is  pseudo- 
asymmetric.  This  will  be  made  evident  if  we  consider  what 
an  observer  situated  on  the  pseudo-asymmetric  atom  would  see 
in  each  case  if  he  looked  along  the  bonds,  first  at  the  carbon 
atom  to  his  left,  and  then  at  the  one  on  his  right-  - 

a  a 

I  I 

C—  — C 


H  H 

(left  hand)  (right  liand) 


Such  compounds  will  therefore  occur  in  four  different  forms  : 
t»o  active  and  two  inactive ;  the  same  phenomenon  is  to  be 
^pected  in  other  ring  systems,  such  as : — 
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b        NH— C— « 

K      NH— C— dJ 

and  also  in  the  case  of  the  2,5-dimethyl-cyclopentane-i,  car- 
boxylic  acid,  by  Wislicenus,'  where  all  three  isomers  have  been 
isolated,  though  the  racemic  compound  has  not  yet  been 
resolved. 


In  a  compound  of  the  type  shown  in  the  figure,  the  carbon 
atoms  marked  with  an  asterisk  are  truly  asymmetric,  and  if 
their  asymmetries  are  opposite  to  one  another  the  other  twa 
carbon  atoms  will  be  pseudo-asymmetric.  It  should  be  noticed 
that  V  may  be  similar  to  or  different  from  b  in  structure  with- 
out making  any  change  in  the  number  of  isomers  found. 
From  such  a  compound  as  this,  four  intramolecularly  com- 
pensated and  four  active  isomers  are  to  be  expected.  Similar 
instances  are  to  be  found  in  di-cyclic  compounds,  but  in  their 
case  the  problem  is  more  complicated. 


§   V.    RACEMISATION  OF  CYCLIC  ISOMERS. 

The  methods  which  are  applicable  in  the  case  of  open- 
chain  compounds  are  equally  serviceable  in  the  cyclic  series. 

'  Wislicenus,  Ber,^  34,  2572  (1901). 
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is  onnecessary  to  enter  into  great  detail  on  this  point ;  a  few 
>:aniples  will  suffice. 

Heat  alone  may  be  used  in  some  cases  to  convert  an  active 
ubstance  into  an  inactive  mixture.  For  instance^  in  [he  course 
ll  his  researches  upon  tartaric  acid,  Pasteur'  showed  that 
■hen  the  cinchonine  salt  of  active  tartaric  acid  was  heated 
I«  several  hours  to  a  temperature  of  165-175"  C.j  the 
cinchonine  was  lo  a  great  extent  converted  into  the  stereo- 
isometic  rinchonidine.  Marsh  '^  found  that  ^-brorao-camphor, 
when  distilled  under  ordinary  pressure,  yields  a-bromo-camphor. 
Heabng  in  a  sealed  tube  with  water,  acid,  or  alkali,  is 
sulficient  to  racemise  many  active  substances.  Pospischill ' 
sliowed  liiat  cis'pentamethylene-i,3-dicarboxylic  acid,  when 
iiaied  with  water  in  a  sealed  tube  to  180^  C,  was  half 
iMiverted  into  the  trans- variety.  Baeyer '  was  able  to  convert 
irdromellitic  acid  into  iso-hydromellitic  acid  by  healing  it  for 
Ibree  hours  in  a  tube  with  concentrated  hydrochloric  acid  at 
"50^  C.  Montgolfier'  and  Haller"  observed  that  the  stable 
fanii  oi  iiomeol  was  produced  when  the  labile  form  was  hoiled 
*i[h  sodium. 

In  some  cases,  the  effect  of  acids  and  bases  alone  suffices 
to  convert  the  one  form  into  the  other.  The  dextro  and  Itevo 
forms  of  menthone  can  thus  be  racemised.' 

Auio-racemiGation  has  been  observed  in  the  case  of  the 
mciuhones,  and  also  with  hydromelliiic  acid,  which  Baeyer* 
fuund  was  changed  into  is  o-liydro  nielli  tic  acid  on  standing. 

Another  method  deserves  mention.  In  the  case  of  a  trans- 
diorboxylic  add  which  is  to  be  converted  into  the  correspond- 
ing ds^ompound,  it  has  been  found  that  this  can  be  brought 
alwut  hy  converting  the  trans-acid  into  an  anhydride,  from 
"tiirh  the  cis-acid  is  obtained  by  the  addition  of  water  in  the 


^Aslcut,  Camfl.  rinJ.,  37,  162  (1S53), 

brUi,  rrawj.,  67,  8*  (1890) ;  89,  96S  (iSgi). 

^pbchiii,  iUr.,  at,  1950  (iSgS). 

cr.,  1,  118  (1868)  :  Annaltn  Su/fi/..  7,  I5,  43  (1S70). 
mlgullici,  Diiirrfii/iaH,  Paris,  1878. 
UIIb,  Cwytf.  rind.,  IM,  329  (1887), 
leckmuui,  Aiinalm,  asu  333,  3$8  (i8»9). 
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usual  way.     For  cxamgde,  if  we  begin  with  tians-hexahydio^ 
phtlialic  acid  (I.),  we  convert  this  into  the  anhydride  (ll.);ll'" 
compound,  on  heating,  is  changed  into  the  anhydride  (HI.) 
the  cisacid  (IV.). 

CH, CH, 


CH^ 


H— C— COOH 


rOOH— C- 


H— C— CO' 


(111.) 


H— C— CO 


CO— C— H 
-CH, 


H-C-COOH 
CH, CH, 


(IV.) 


Racemisalion  in  ihe  cyclic  compounds  may  be  said  lo 
rarer  than  in  the  open-chain  series.     In  the  case  of  mono-cydl 
substances  it  is  frequently  observed,  but  it  does  not  ofien  oc 
in  the  case  of  di-cychc  bodies.     Whether  this  difference  is  i 
to   the   hindrance   lo   revolution   which    chain    formation 
supposed  to  exert  upon  the  carbon  atoms  is  at    present 
known.     It  is  possible  that  investigations  on  this  point  migl 
throw  light   upon   the  actual  mechanism  of  the  racemistn 
process. 


CHAPTER  VI. 

TWO   EXCEPTIONAL  CASES   OF  OPTICAL  ACTIVITY. 

In  certain  cyclic  compounds  it  is  possible  to  imagine  a 
configuration  such  that  the  compound  and  its  mirror-image 
would  not  be  superposable,  and  yet  in  which  no  true  asym- 
metric carbon  atom  would  be  present.  For  example,  in  a 
ring  compound  such  as  that  shown  in  the  figure  below^  two 
isomers  obviously  exist,  and  yet  neither  contains  an  asymmetric 
carbon  atom  : — 


a 
a     I 


Such  a  molecule  as  that  shown  has  no  plane  of  symmetry  ; 
and  in  order  to  distinguish  this  case  from  one  in  which  asym- 
metry is  due  to  the  presence  of  an  asymmetric  carbon  atom, 
it  is  usually  described  as  molecular  asymmetry.  Though  ap- 
parently the  asymmetric  carbon  atom,  as  usually  understood, 
is  absent  in  the  present  instance,  this  is  not  really  the  case  ; 
for  on  closer  inspection  it  will  be  seen  that  all  six  carbon 
atoms  in  the  above  figure  are  pseudo-asymmetric. 

In  practice,  only  one  such  active  type  is  known,  and  it  is 
a  member  of  the   hexamethylene  series.     The  inosites '   are 


'  Maquenne,  Ann.  Chim.  Phys.^  16J  22,  264(1890)  ;  C(;w/^.  rc«(^.,109> 
812  (1889). 
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hexa-hydrosy-cyclo-hexanes,  which  occur  naturally  as  meth] 
ethers,  quebrachite  and  pinite.  A  third,  inactive,  variety  a1 
is  found  in  nature,  being  distinguished  from  the  others  in  ill 
it  is  found  naturally  in  the  form  of  the  alcohol,  and  not  as : 
ether. 

The  space  formulx  of  the  two  active  inosites  are  shoi 
below :— 


OH 

H 

H            OH 

0     ,i_ 

l/H 

H    Y 

is 

— t     OH 

in 

0H,i d    0 

|/6h     i\J 

H  Y 1'    h. 

6h      oh 

The  case  of  the  inosites,  though  not  falling  expressly  in) 
line  with  the  van't  Hoff-Le  Bel  theory  of  the  asymmetE 
carbon  atom,  can  yet  be  construed  in  a  way  which  is 
contradiction  with  that  conception.  It  is  otherwise  with  tb 
instance  which  must  now  lie  mcnlioncd  ;  for  in  this  cas 
apparently,  there  is  no  possible  chance  of  agreement  betwe< 
theory  and  practice. 

Ordinary  malic  acid  is  known  to  exist  in  two  optical! 
active  forms,  which  can  be  represented  by  the  two  formuli 


A  third  isomer,  crassulaic  malic  acid,  has  been  discovercf 
in  certain  plants  (Bryopfiyllum  (olynicwn,  Eckti'tria  x 
glauca,  Cotyledon,  etc.).  Its  calcium,  barium,  and  lead  salt 
methyl  ester  and  amide  were  studied  by  Abcrson,'  who 


COOH 

COOH 

h.h 

H.H 

O.H 

H.OH 

COOH 

COOH 

'   Mc)-«,  loHihi).    frri.  Sim..  1878,  298;  Schmidt.  Art*./,  i 
(8)  24.  SJS- 

■  AbcrsDO,   Vtrh.  K.  Akad.   WHtnsch.   Amtleniam,   1898]   Bir.,  \ 
143311898}..  ^ 


[    EXCEPTIONAL   CASES   OF  OPTICAL  ACTIVITY     93 
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determined  its  molecular  weight  and  basicity.  His  results 
proved  the  structural  identity  of  the  acid  with  common  malic 
add;  but  the  following  table  shows  the  differences  between 
the  physical  and  chemical  properties  of  the  two  bodies : — 


I 


Common*  Malic  Acid, 
Cn'stalline. 

0 

Acid  Ca  salt  easily  formed. 

II    Nri|     ,,  )» 

On  esterifj-ing,  easily  gives  fumaric 

ester. 
Most  salts  have  ^/-rotation. 
Fonns  no  lactonic  anhydride. 
On  dry  distillation,   products  are 

fumaric  and  maleic  acids. 

Casalt  pptd.  crystalline  on  boiling  ; 
does  not  redissolve  on  cooling. 


Crassulaic  Malic  Acid, 

Syrup. 

Acid  Ca  salt  hard  to  produce. 

No  acid  NH,  salt. 

Does  not  do  so. 

Most  salts  have  /-rotation. 

Forms  one  like  lactic  acid. 

Only  traces  of  maleic  and  fumaric. 
Chief  products  are  anhydride, 
CO,,  CO,  and  CH3CHO. 

Ca  salt  pptd.  amorphous  on  boiling  ; 
redissolves  on  cooling. 


To  account  for  this,  it  has  been  supposed  that  malic  acid 
actually  exists  in  the  three  configurations  shown  below;  but 
this  does  not  explain  the  effects  which  it  produces  upon  the 
plane  of  polarization. 


COOH 

COOH 

COOH 

HO.H 

HO.H 

HO.H 

COOH.H 

H.COOH 

H.H 

H 

H 

COOH 

Walden*  states  that  the  crassulaic  acid  and  the  common 
malic  acid  differ  only  in  optical  properties.  Both  give  strongly 
active  anhydrides  of  equal  laevo-rotatory  power.  The  question 
of  the  isomerism  is  undecided  at  present. 


Walden,  Ber.,  31,  2706  (1898). 


CHAPTER  VII. 

TEIE  QUANTITATIVE  RELATLONS  llETWEEN  ACTIVITY 
AND  THE  NATURE  OF  THE  ASVMMETKIC  CARBOS 
ATOM. 

§    I.    GEXERAL. 

When  we  attempt  to  discover  which  properties  of  the  asyoi- 
metric  carbon  atom  have  an  influence  upon  tlie  rotatory  power 
of  a  comjmund,  the  problem  appears  lo  be  nearly  insoluble, 
as  it  seems  impossible  to  distinguish  between  the  details  whidl 
are  important,  and  those  which  are  not.  At  present  tb4 
question  is  in  an  elementary  stage,  in  spite  of  the  imr 
amount  of  research  which  has  been  carried  out  in  the  past 
It  has,  unfortunately,  been  the  custom  to  treat  the  effect  c 
varying  one  condition  as  separate  from  ihe  rest  of  the  subject; 
and  it  is  probable  that  lilllc  real  progress  will  be  made  unCit 
every  known  factor  is  taken  into  account  in  each  experimenL 
Winther '  has  attempted  to  do  this  in  certain  cases.  In  th 
chapter  a  few  of  the  more  salient  points  of  the  subject  will  t 
discussed ;  those  chosen  being  the  effect  of  unsaturation,  the 
influence  of  ring-formation,  the  effect  of  several  asymmetric 
carbon  atoms  in  a  compound,  rotatory  powers  of  structurs 
and  of  homologous  series. 


§  II.   ISOMHKIC  POruES. 

1.  Structural  Isomerisni    in    Open    Chains.— The  facii 
known  in  this  division  are  confined  to  some  esters,  which  can  b 


<  Winlher,  Zfit.  fhysikal.  C/irm„  K.  35;  (1905) ;  BB,  703  (1906). 


■■\'<kA  into  three  classes.'  In  the  first  class  the  isomerism 
,  fiiduced  by  ihe  transference  of  the  active  radicle  from  one 

.11  ■>(  the  molecule  to  another,  f.g.  amyl-acetic  acid  and  arayl 
aceiale.  In  such  cases  the  difference  of  rotatory  power  is 
very  great : — 

Amyl-acetic  acid  fC,H„.CH,.COOH)      +  8-53" 
Amyl  acetale  (CH,.COOC,H„)  +  250^ 

The  second  class  of  isomerism  is  that  where  the  active 
alcohol  remains  Ihe  same  while  isomeric  acids  are  employed, 
(.f.  active  amyl  esters  of  normal-  and  isobutyric  acid.  Here 
ihe  differences  In  rotation  are  not  very  marked  : — 

Amyl  B-bmyrate  ((_:h,.CH,.CH,.COOC,.H„)     +  i-gf 
Amyl  isobutyrate  ((CH,),CH.CUOQ  H„)  +  a-8/ 

In  Ihe  third  class  the  active  acid  remains  the  same,  while 
isomerism  is  confined  to  the  inactive  alcohol,  radical,  i-^. 
methyl  normal  hutyl  raalate,  and  methyl  isobulyj  malale.  In 
ihiscase  also  the  differences  are  small  :— 

Melhyl-jv-butyl  malate      —  2*'44" 
Methyl-isobiilyl  malate     —  aa'jft'' 

%.  Stmotural  iBomeriBni  in  Benzene  Derivatives.— This 
bnuich  of  Ihe  subject  las  been  studied  by  numerous  workers  ;  - 


'  Wildcn,  Ziif.  f'kysiM.  Chm.,  IS.  636  ( 1S94). 

'  Bini,  Xtil.  phytik.il.  Ckim.,  IS,  717  (1893) ;  Gi.ldschmicit  and  Freund, 
W(.  fkytikai.  Cktm.,  14,  394  (1804);  Ftonkland  nnd  Wh»Tlon,  Tram., 
■>  ijw*,  1583  (1896) :  TB.  337  (r899) ;  Woldt-n,  Zeil.  pkytikal.  Chrm.,  17. 
^\  (lS^5) ;  Guye,  /*«//.  &«.  ckim.,  [3]  IB,  1 157  (1895) ;  Franklsnd  and 
MirCrw,  Tram.,  78,  307  (1898);  Tschugncff,  B<r.,  31,  1775  (1898) 
"'jwliwirnko,  J.  pr.  Cirm.,  [a]  69.  45  (1899);  Fmnkland  anil  Aslcin 
''»r.,  Tt,49j  (1899)1  79,  ;tl  (loor);  Frankland,  Wharton,  nnd  Aston, 
T-m,.,  79,  i66  0901)  I  Cohen  and  Whilely,  Trans.,  79,  1305  (i^orl  ; 
t'lnVluiil  and  Onrnrrod,  Trans..  83,  1342  (1903) ;  Rupe,  AnnaUn.  SS7, 
'i'  IIUOJI;  Kninkbnd  and  Slalor,  Tram.,  88,  1349  (1903);  Franklam 
'■"I  llMga,  Ttani..  83,  1571  (1903);  Btigg^  and  Cohen,  Tmni.,  S3 
1=1311903)1  M,  w6i  (rgo*);  Cohen  and  Kapei,  Tratl^.,%&,\'A^,\^■\ 
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and  it  has  been  established  that  position -isomerism 
considerable   influence    upon  the  rotation  of    these 
Frankland  and  Wharton,  studying  the  methyl  and  elhvl  esle 
of  0-,  m-,  and  /-di-loluyl -tartaric  acids,  found  that  the  para-des 
vatives  arc  more  active  than  the  nieta-,  and  these  in  turn : 
active  than  the  ortho-  compounds.    The  carvoximes  and 
esters  are  exceptions  to  this  rule,  as  in  their 
rotation  of  the  o-,  m-,  and  /-substituted  bodies  increases  in  the 
order  o> ,  m:>,p,  instead  of/*>,  w/>,  o. 

The  following  table  gives  results  obtained  by  Cohen  in 
conjunction  with  Briggs  and  Raper  :■ — 


Mwihyl 

Brnicm- 

30"  C. 

20''C. 

6i-C. 

ao»t--. 

Ortbo-     .     . 
Heu-      .     . 

P«™- .     .     . 

-3!l"' 

-  iif'i 

S.  BtereoiBomeriBm.— Walden '  and  Hartwall '  have  carried 
out  a  series  of  investigations  on  this  point,  and  find  that  in  the 
case  of  amyl  esters  of  nialeic,  chloromaleic,  bromomaleic,  citni 
conic,  and  the  corresponding  stereo  isomeric  acids,  the  fumaroid 
form  has,  on  the  average,  a  molecular  rotation  4'5''  higher  than 
the  maleinoid  form. 

Bischoff,  Claisen,  and  Sinclair '  studied  the  properties  of 
two  hydroxy methylene-camphor  ben/.oates,  which  Aschan' 
states  are  stereolsomeric.     They  found  the  following  results :— > 

(1904);  Urban,  AnA.  PAarm.,  242,  51  (1904);  Cohen  and  Z.jrti 
Trans.,  W,  47  (1906) ;  Cohen  anti  Armcs,  ?>-a«i.,  (9,454  (igo6)  1  Fi 
land  and  Tttiss.  7>anj„  89,  iSji  1 1906) ;  FrankUna  and  Done.  It.t»s. 
1859  (1906). 

'  Walden,  Ztit.  fhysikal.  Cklm.,  IS,  638(1894);  80.  377  O896I, 

*  Disscrtalion,  Heliingfora,  1904, 

'  BiKhoET,  Clajiien,  and  Sinrlair,  Annalnt,  881,  331  (1S94I. 

'  Aschui,  Chcmiedcr  Aiicyklisikm   Verbinduagtn,  p.  3<|6. 
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y? 


^H 


KL  '" 


c  h      i  o.co.qh. 

Ndo 

[-]«  =  +  159-^9 


Wallach '  has  studiiid  the  influence  of  stereoisomerism  i 
e  oximes. 


§   IIT.   HOMOLOGOUS  SERIES. 


^B  a  series  of  homologous  esters,  it  appears  that  in  the  lower 
imbcTS  the  increase  of  CH^  produces  a  noticeable  effect, 
)iiietinies  increasing  and  sometimes  decreasing  the  molecular 
italion  ;  but  the  differences  between  the  members  of  a  series 
:nd  to  diminish  as  the  molecular  weight  increases,  and  in 
»me  series  there  finally  comes  a  point  at  which  the  influence 
exerted  in  the  opposite  direction,  bo  that  after  that  member 
le  rotadons  of  the  homologues  go  through  the  same  changes 
1  the  reverse  direction. 


KAm) 


Amyl  formate  . 
Amyl  acetate   . 
Amyl  propionate 
Amyl  «-butyrale 
Amyl  «-valerate 
Amyl  ff-cjproale 
Amyl  »-heptyta(e 
lyl  ff-caprylate 
lyl  n-nonylate 
lyl  Ixurate 
Amyl  palmitaie 


("It. 

+  ''33° 

-1-  y^^" 

+  Z'9<f 
+  4-'S° 
+  4'33'' 
+  4"46'' 
+  4'42'' 
+  4'49° 
+  4  ■44' 
+  4-31° 
+  4-17° 


Fotster,'  studying  the  homologues  of  bornylai 
'he  following  figures  : — 


■  WkllRch,  Annalfn,  S32,  337  (1904). 
'-  Funta.  7>au„  75,  $^  I1S99). 
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Elhylboniylj 
«.Pfopy1bornylai 
Butyl boriiy It-  ~ 


Reference  may  be  made  to  the  work  of  Frankland 

others.' 


5  IV.  TJJJi  EFFECT  OF  THE  LINKAGE  OF  THE 
CAKHON  A'lO.MS. 
1.  Chan^  f^om  Single  to  Bouble  Bond,  and  Doable 
Triple. — Waldun ''  has  studit^  this  question  by  means  of  ll 
active  amyl  esters  of  a  series  of  saturated  and  unsaturaU 
acids.  He  fttids  that  unsaturation  produces  an  increase  in  t 
rotatory  power,  but  that  the  triple  bond  has  less  effect  tl 
the  double  one.  As  an  examjtle,  the  amyl  esters  of  I 
acids  may  be  quoted. 


;rC,H,.CH,— CH,— COOC.H,,    +  aafi" 

C,H,— CH  =  CH— COOC.H,,   t- 751" 

;r  C.H.— C  =  C— COOC.H,,  +5-58= 


Hydfocinnamic 
Cinnamic  ester 
Fbcnylpropiolk 

I'he  influence  of  the  unsaturated  bond  upon  the  i 
becomes  less  the  further  away  it  is  from  the  asymmetric  cari 

■  Camelatii  and  Nasini,  Btr.,  13,  aioS  (iSSa) ;  Fcuikliind  and  I 
GrcEOt,  Trans.,  68,  511,  1410  (1893);  68,  750  (I894) ;  FraiikUnd  I 
WhMfon.  TVani.,  89,  1309  (1896) ;  FranklanJ  and  Price,  TVww.,  II, 
(1897)  ;  Guye  and  ChaTume.  Comfil.  rmd.,  118,  1454  (1893) ;  UB, 
(1894) ;  180,  45a  (1895) ;  Anschuti  and  Rcitlei,  Zdl.  phyxikal.  C*em^ 
493  (189s)  i  Tscbugacff,  Zat.  fhytiial.  Ckim.,  IT,  245  (1895) ;  Brr^ 
360.  1775-  !M5«  ('898) ;  7.  Rvss.  Phyi.  Chem.  So:..  3*.  606  (1902)  j 
Crac,  Tram..  SI,  1213  (1902) ;  Wasamcr  and  Guye,  7.  CAiw.  Pkyt. 
387  (1903)1  Minguinand  BoUcnii>nt,  Cum//.  riHJ.,  ISi,  Cog  (1903); 
»38  11903). 

'  Walden.  Ztil.  fhysihal.  Chem..  80,  5 
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aioiii.  For  eitample,  in  the  following  cases  the  phenyl  group 
contains  the  uosaluraled  part  of  the  molecule  ; — 

L>i  benzoyl -tartaric  acid  L"l»  =  116-123" 

Diphenacelyl-tarUric  acid  \a\„  =    58 

Dtphenpropionyl-lartaric  acid    [q]i,  =    38  ' 

Zelinsky  '  has  studied  the  same  point  in  the  alicyclic  series, 
»nd  finds  that  there  also  the  ethylene  bond  tends  to  increase 
•he  rotatory  power.  The  work  of  Rupe^  and  of  Hallcr"  on 
the  camphor  series  may  also  be  consulted. 

2.  Change  from  an  Open-chain  to  a  Cyclic  Compound. — 
Ring -formation  has  an  influence  upon  the  rotation  of  a  com- 
IMiund  similar  to  Ihat  produced  by  uosaturation  ;  in  general,  it 
raises  the  rotatory  power.'  This  is  shown  in  the  relations  of 
Anhydrides  and  lactones  to  theit  parent  acids  : — 

»Oiacetyl-tartaric  acid  [«]„  =  ^g-y" 

Diacetyl-tartaric  anhydride  (al„  =  da'o" 
Xylonic  acid  [a]„  =  —  7° 

Xylonic  lactone  [u]„  =  +  ai" 

.\s  both  ring-formation  and  unsaluration  necessitate  the  loss  of 
certain  atoms  from  an  open-chain  compound,  there  may  ht 
some  connection  between  the  two  phenomena ;  the  more  so 
rinoe,  as  will  be  seen  later,  ring-compounds  are  in  a  state  of 
tmsaturation  analogous  in  many  ways  to  that  found  in  the  case 
of  the  double  bond.  An  exception  was  noticed  by  Aschan," 
mbo  observed  that  camphoric  anhydride  had  a  very  much  lower 
rotation  than  camphoric  acid.  Here  the  ring-formation  seems 
to  dej>ress  the  rotatory  power. 

3.  Several  Asymmstrio  Atoms  in  One  Uoleonle. — In  the 


'  Zcliniky,  Btr.,  35,  2494,  1681  (19°^)' 
'  Rope.  AmiaJtti,  827,  157  (1903). 

'  Itallci,   Ciimpt.  refill,,   136,   122I;   H.-ilkt  and  Desfunlaines,  il 
'6l3('903l- 

*  Hallo  BDil  De&ronlaiDes,  Compt.  rtnd.,  188,   1613  (1903)  ;  140,  ] 
('9»S)- 

•  Aichan.  Btr..K.  aoii  (1894). 
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second  edition  of  his  book,  DieLagerung  der  Atome  in  RawniiX 
van't  Hoff  made  the  assumption  that  compounds  containiif  j 
several  asymmetric  groups  have  a  rotatory  power  equal  to  tbej 
algebraic  sum  of  the  group  rotations.  Researches  by  Guye '  andl 
Walden '  have  established  the  truth  of  this  idea.  The  methodl 
employed  was  as  follows:  Isomeric  liquid  amyl  esters  wael 
made  in  three  ways — (a)  from  an  active  acid  and  an  inacdie] 
alcohol,  {h)  from  an  inactive  acid  and  an  active  alcohol,  and  I 
(c)  from  an  active  acid  and  an  active  alcohol.  It  was  foanij 
that  substances  synthesized  by  method  (c)  had  rotations  eqnl  I 
to  the  sum  of  the  rotations  of  the  two  isomeric  bodies  formed  I 
by  methods  (a)  and  (b).  A  variation  of  the  same  method  ins  J 
also  used.     Di-  lasvo-amyl  ether  : — 

CH3.  /CH, 

"CH— CH.,— O— CH,— CH 

was  examined,  and  its  rotation  determined.     Laevo-amyl-brO"  | 
mide  was  then  allowed  to  react  with  racemic  sodium  amylate, 
and  the  rotation  of  the  mixture  thus  produced  was  found  to  , 
be  half  as  great  as  that  of  the  ether  with  two  active  amyl 
radicals. 

Rosanoff  **  disputes  the  correctness  of  van*t  HofTs  as- 
sumption, and  states  that  he  has  found  errors  in  the  expeii- 
mental  work  of  Guye  and  Walden.  He  puts  forward  the 
proposition  that  the  optical  rotatory  power  of  any  asymmetric 
carbon  atom  depends  on  the  composition,  constitution,  and 
configuration  of  each  of  the  four  groups  to  which  it  is  attached. 
The  work  of  Patterson  and  Taylor  *  on  menthyl  acetyl  tartrates 
should  be  consulted. 


^  P.  120. 

*  Guye,  Compt,  reiid,,  119,  740,  953  (1894);  190,  632  (1895);  131, 
827  (1895) ;  122,  932  (1896) ;  Guye  and  Gautier,  BulL  Soc.  ckim.,  [3]  ;  11, 
1170(1894);  13,457(1895). 

*  Walden,  Zeit,  physikaL  Chem.,  15,  638  (1894)  ;  17,  705  (1895). 

*  Rosanoff,  J.  Amer.  Chem.  Soc.^  S8,  525  (1906).  Compare  Patterson 
and  Kaye,  Trans. ^  89,  1884  (1906). 

*  Patterson  and  Taylor,  Trans, ^^  87,  33  (1905). 
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V.    THE  UYFOTBESES   OF  GUYE   AND   CRUM  BROWN. 

Almost  simultaneously,  Crum  Brown  '  and  Guye'  published 
rapers  embodying  identical  ideas,  though  they  ai>proached  the 
;  roblem  from  slightly  different  standpoints.     In  Cmm  Brown's 

■  irrw,  the  rotation  of  any  compound  depends  upon  four  con- 
-unis,  on^  for  each  group  attached  to  the  asymmetric  carbon 
rom  ;  ihe  actual  rotation  being  proportional  to  the  differences 
-iriween  the  constants.     In  this  form,  the  hypothesis  does  not 

rtiect  the  known  facts. 

Guye's  statemeni  of  the  case  is  somewhat  different.  He 
•"usumes  that  the  carbon  atom  has  the  form  of  a  regular 
tttiahcdton,  and  that  the  radicals  attached  to  it  are  also  tetra- 
hedniUy  grouped,  though  not  necessarily  regularly.  He  then 
ralculatcs  what  he  calls  the  "  product  of  asymmetry,"  by  multi- 
relying  together  the  lengths  of  the  six  perpendiculars  drawn 
•r.^m  the  centre  of  gravity  of  the  whole  asymmetric  system  to 
■  ■^  six  planes  of  symmetry  of  the  tetrahedral  carbon  atom, 
ihree  cases  may  then  be  foreseen.  In  the  first,  the  groups 
i;uched  to  the  asymmetric  carbon  atom  are  situated  at  the 

■  iirnets  of  a  regular  tetrahedron  j  in  the  second,  they  are  still 
'  lac«d  on  the  lines  joining  the  centre  of  the  carbon  atom  with 
'  ■-.-  comers,  but  their  distances  from  the  centre  are  not  equal ; 

>  liile  in  the  third  case  they  are  neither  on  these  lines,  nor  are 
"  n.y  equidistant  from  the  centre.  The  first  case  is  the  only  one 
hich  can  be  dealt  with,  and  Guye  assumes  that  the  variations 
1  jm  it  in  the  second  and  third  cases  are  of  little  importance. 
!"  we  suppose  that  the  masses  of  the  four  groups  attached  to 
;iie  asymmetric  carbon  atom  are  represented  by  a,  b,  c,  and  d ; 
and  that  their  distances  from  the  centre  of  the  carbon  tetra- 
t-edron  are  all  equal  to  /;  then  the  value  of  V  will  he  found 
D  the  following  equation  ; — 


OPTICAL   ACTIVITY 

This  equation  satisfies  the  two  necessary  conditions— (il 
that  when  any  two  or  more  of  the  masses  a,  b,  e,  and  d  hecoine 
equal,  P  becomes  zero,  since  the  asymmetry  is  destroyed  ;  and 
(a)  that  the  product  must  be  the  same  though  with  an  opposite 
sign  when  any  two  of  the  values  a,  l,  c,  and  d  are  transposedi 
as  this  corresponds  to  the  conversion  of  a  configuration  into 
its  mirror- image. 

Two  deductions  can  be  made  from  the  equation^ 

I.  If  the  group  with  the  greatest  mass  be  altered  in  such 
a  way  that  while  changing  its  value  it  still  remains  the  most 
massive  of  the  four,  then  the  rotation  of  the  compound  should 
change  in  value  but  remain  of  the  same  sign  {i.e.  either  right  oi 
left  rotating). 

3.  If  we  consider  a  right  rotating  compound  such  thai 
a>li>c>ii  and  replace  a  by  a\&  group  with  gradually  de- 
creasing mass,  we  should  find  that  when — 

d>  b,  there  should  be  either  a  continuous  decrease  in  tbj 
right  rotation,  or  first,  an  increase  to  a  maximua 
with  a  subsequent  decrease ; 

a'  =  b,  inactivity  is  produced ; 

a  <  b,z  change  to  left  rotation,  increasing  to  a  maximui 
and  then  decreasing ; 

rt'  =  (■,  a  second  condition  of  inactivity  is  produced  ; 

a  <  (-,  right  rotation  appears,  increasing  to  a  maximum  and 
then  decreasing ; 

d  —  d,&  third  condition  of  inactivity  is  produced  ; 

d  <.  d,  there  is  increasing  left  rotation. 

Investigations  by  Waldcn  '  have  pointed  to  many  fact 
which  cannot  be  reconciled  with  the  hypothesis.  For  instancy 
it  has  been  found  that  in  some  compounds  which  have  twQ 
or  three  groups  of  equal  weight  (c,;.  mcthyi -acetyl -in andefil 
methyl  ester) ; — 

CH, 
C,H,— C— COOCH, 
CH.CO.(') 


'  WMca,  ZeU.  fkvikat.  CAww..  U,  Sai^  t.\»W'l  '■ ""  ■  '^V  T^^  Ua^S). 
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or  ]>henyl-brom-acetic  elhyl  ester,  where  the  molecular  weight 
of  the  phenyl  group,  77,  differs  but  slightly  from  the  atomic 
weight  of  the  bromine  atom,  So  : — 


C,H~— C— COOC,H, 


inactivity  should  be  found  if  the  hypothesis  were  true ;  whereas 
the  compounds  are  really  active.  Again,  a  change  in  the  order 
of  two  group- weights,  which,  according  to  Guye,  should  be 
accompanied  by  a  change  in  the  direction  of  rotation,  does 
not  produce  this  effect.  In  homologous  series  the  changes  in 
rotatory  power  do  not  agree,  in  the  majority  of  cases,  with 
the  ciianges  in  the  product  of  asymmetry, 

Guye'  admits  that  his  hypothesis  requires  modification,  as 
many  other  influences  must  come  into  play  of  which  his  state- 
ment of  the  problem  takes  no  account ;  but,  nevertheless,  it 
would  seem  that  a  great,  though  not  a  preponderating,  influence 
is  brought  to  bear  by  the  masses  of  the  four  groups  producing 
asymmetry.  The  question  seems  to  be  so  complicated,  how- 
ever, that  a  complete  solution  will  probably  never  be  found. 

'  Guye,  Bull.  Hac.  cMm.,  [3]  IS,  195  (1896). 


CHAPTER    VIII. 

OTllEK   ACTIVE   ELEMENTS. 
Nitrogen. 

§  I.  TklVALEXT  NITROGEX. 
1.  In  Open-chain  Compounds.— It  nppenrs  t 
thai  (rompounds  of  the  type  :  — 

«    b 

1/ 


do  not  occur  in  opticcilly  active  forms  in  wliich  the  activity  i 
due  to  the  nitrogen  atom.  Probably  the  three  valencies  of  tfa 
nitrogen  atom  lie  in  the  plane  which  contains  the  atom  itsel 
thus  excluding  the  possibility  of  enaiitiomorphism. 

A  summary  of  the  work  done  in  this  branch  may  be  given 
though  it  has  led  to  no  positive  result.  Krafl^ '  attempted  I 
resolve  the  neutral  tartrates  of  ethyl  bcnzylamine  and  /-toIyL 
hydrazine  by  fractional  crystallization.  Behrend  and  Konig' 
used  the  tartrates  and  mandelates  of  yS-bcnzyl-hydroxylamin* 
and  ^-nitrobenzyl-benzyl-hydroxylamine.  Ladenburg' 
ployed  the  acid  tartrates  of  methyl-aniline,  tetrahydro-quind 
line,  and  tetrahydro-pyridine.  Fischer'  failed  to  resolv 
hippuric  acid.  The  failures  of  these  investigators  might  have 
been  attributed  to  either  of  two  causes :  hydrolylic  dissociation 
of  these   salts   of  weak   acids  with  weak   bases;    or   partial 


Krafft,  Bo-.,  Sa,  ajSo  {1890). 
Bchrcnd  nnil  Konig,  Anna/en,  963,  t 
Lwlunhurg,  Btr..  86,  864  (iSgj). 
FUchcr,  Bit.,  S3,  2470  (1S99I, 
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laccaii^atlon.  Rcychler '  eliminated  tlie  first  source  of  error, 
I  by  using  ^- camphors ul phonic  acid  in  non-hydroxylic  solvents 
for  his  experiments  with  melhyl- ethyl -jfl-naphlhylamine. 
H.  O.  Jones  made  a  similar  allempt,  using  methyl-ben^yl- 
aniline.     No  resolution  was  obtained  in  either  case. 

A  third  probable  source  of  failure  lay  in  the  possibility  of  a 
rearrangement  of  the  nitrogen  valencies  during  the  transition 
from  tri-  to  penta- valence,  and  vice  versd.  All  the  above  experi- 
ments, with  the  exception  of  Krafit's  with  /-lolyl-hydrazine, 
would  be  liable  to  fail  if  such  a  rearrangement  look  place.  On 
this  account,  a  new  scries  of  investigations  was  made  by  Jones 
and  Millington,'  in  which  they  fractionally  crystalH/.ed  beoiyl- 
phenylhydrazine-i/camphorsulphonaie  and  the  brucine  salt  of 
methyl-ethyl-aniline-sulphonic  acid;  but  no  activity  due  to 
nitrogen  was  detected  in  either  case. 

Kipping  and  Salway  '  approached  the  question  from  another 
;K>int  of  view.  It  was  shown  that  when  a  racemic  acid  chloride 
■.  .15  allowed  to  react  with  a  racemic  primary  amine  to  form  a 
■  ubstituted  amide,  the  reaction  product  was  made  up  of  four 
isomers  in  two  enanliomorphous  pairs  which  could  be  sepa- 
rated by  fractional  crystallization.  This  forms  a  method  of 
ileiecting  the  presence  of  an  asymmetric  carbon  alom:  but 
when  it  w.-is  employed  to  detect  activity  in  trivalent  nitrogen  it 
f.iiled  to  give  the  expected  result. 

Sl  In  Cyclic  CompoundB. — The  case  where  the  nitrogen 
atom  is  a  member  of  a  nng  might  be  expected  to  differ  to 
some  extent  from  that  of  open-chain  compounds,  owing  to  the 
pos»bility  of  strain  being  introduced  during  the  formation  of 
ihc  ring.  The  evidence  at  present  at  our  disposal  seems  to 
support  this  view,  though  it  can  hardly  be  considered  to  be 
quite  conclusive. 

Ladenburg,'  by  distilling  coniine  hydrochloride  with  zinc 
dust  in  presence  of  water,  produced  isoconiine,  which  differs 


■  Keychler,  SmU.  Sm.  rhim.,  fj]  27,  979  (1902). 

'  Jon«»  unci  Millinglon.  PrM.  Cam/-.  Phil.  Soe..  1904,  i 

•  KipjiinR  «nil  Solwnj',  Tram.,  83,438(1904). 

•  U<leaborg.  M/r..  m.  854  (1893)  i  86.  3*94  (1903I. 


Ladenburg  also  found  a  similar  instance  in  stilbazoline  and 
isostilbazoline.  The  accuracy  of  Ladenburg's  work,  however. 
has  been  called  in  question  by  Wolffenstein.' 

The  isomerism  of  tropine  and  if-tropine  has  also  been 
referred  to  a  similar  difference  in  spacial  relations,  the  two 
formula;  pro])osed  being  :  — 


CH,- 


CH 

I^CH. 


■CH, 

1^0! 


-CH, 


CH,— CH CH,  CH, CH 

but  another  explanation  is  given  in  Appendix  A. 


§11.   PENTAVAI.ENT  NITROGEN. 

1.  CompoundB  of  the  Type :  ahcdHX.— Before  compoumls 
of  this  class  were  actually  isolated  in  active  forms,  several 
unsuccessful  attempts  were  made  by  various  investigators. 
Le  Bel '  allowed  ordinary  mould  to  act  upon  dilute  solutions 
of  meihyl-ethyl-propyl-isohutyl-ammonium  chloride,  and  methyl-  J 
elhyl-propylamine  hydrochloride;  and  in  the  former  case  ob-l 
served  a  very  slight  activity.  The  active  chloride  was  isolatei] 
and  analysed  by  means  of  the  gold  and  platinum  double  salt^ 
The  acclatc  prepared  from  the  chloride  and  silver  s 
also    active.      On    the   other  hand,    when   the    mercur)'- 


'  WoIir«Dsteiii,  Ber.,  87,  WSis  (189*). 
'  Le  Bel,  Cemfl.  mid.,  119,  7x4  (l^t). 
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pfattinum-chloridc  sail  was  treated  with  sulphuretted  hydrogen, 
it  became  practically  inactive :  the  same  change  being  noticed 
with  the  gold  salt,  in  which  case,  however,  the  effect  was  not 
sn  marked.  This  effect  is  probably  produced  by  the  liberated 
hydrochloric  acid. 

Marckwald  and  Droste-Huelshoff'  repeated  Le  Bel's  work, 
but  failed  to  confirm  it.  Le  Bet'  then  published  further 
information  on  the  subject.  He  found  that  the  methyl-ethyl- 
isopropyl-ammonium  salts  exist  in  two  forms,  whose  properties 
diifer  somewhat  as  follows  :  The  a-salts  are  more  soluble  than 
the  y3-sa!ts.  The  a-chloride  is  more  easily  attacked  by  ferments 
than  the  ^-chloride.  After  resolution  by  means  of  ferments, 
the  o-chloride  produces  the  left-rotating  active  form  ;  while  the 
^^hloride  yields  the  right-rotating  form.  If  hydrochloric  acid 
be  allowed  to  act  upon  a  mixture  of  the  active  a-  and  ^-chlo- 
rides, the  u-chlonde  is  racemised,  while  the  /3-chloride  retains 
its  dektro-rotation.  Further,  differences  were  observed  in  the 
amounts  of  the  two  inactive  salts  formed,  according  to  the 
order  in  which  groups  were  first  introduced  into  the  molecule. 
Le  Bel  also  stated  that  he  had  succeeded  in  the  cases  of 
solutions  of  isobutyl-propyl-amyl-  and  ethyl-propyl-amyl-am- 
monium  salts. 

Pope  and  Peachey,'  by  using  i/-camphorsul phonic  acid, 
were  able  to  resolve  a-phenyl-b en zyl*allyl-m ethyl-ammonium 
iodide.  The  salts  were  crystallized  from  non-hydro xy  lie 
solvents,  ethyl  acetate  or  acetone.  Pope  and  Harvey  investi- 
gated the  compounds  so  produced.'  The  a'-camphorsulphonale 
of  the  i/-base  had  a  molecular  rotatory  power  of  [  M  ]„  =  2 1 8", 
in  dilute  aqueous  solution,  the  corresponding  /-/  salt  having 
[Mlo=  —  3ii";  while  the  iodides  had  a  molecular  rotation 
of  approximately  +  aoo°  in  chloroform.  The  rotation  of  the 
lAdides  disappears  completely  when  their  chloroform  solution 

fied  or  allowed  to  stand  for  a  few  days  ;  the  resulting 


'  Muckwntd  and  Dtostehuclihoff,  Bir.,  32,  560,  350S  (1899I. 
'  U  Be],  Cimpl.  rend.,  U8,  548  (igoi). 

•  Pope  and  Peachey,  Tran'^.,  78,  1127  (1899). 

*  Pope  and  Hamrj-,  Trani.,  78,  SiS  (1901), 
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compound  is  a-b en /.yl-phenyl-allyl -methyl -ammonium  iodide, 
and  not  the  isomeric  ^-compound.  Tlie  activity  of  the  salts  is 
not  lost  by  recrystalliMtion  from  alcohol.  It  was  also  found 
that  the  optically  active  ammonium  salts  differ  from  the  optic- 
ally active  carbon  compounds  in  that  the  former  yield  in 
solution  a(:tive  ions  whose  free  affinities  are  attached  to  the 
asymmetric  nitrogen ;  yet  no  racemisauon  ensues. 

Jones,'  in  a  similar  manner,  resolved  phenyl-benzyl-ethyU 
methyl-ammonium  iodide.  The  J-d  and  /-/  camphorsulpho- 
nates  had  [  M  ][,  =  ±71". 

Thomas  and  Jones"  have  studied  the  influence  of  constitu- 
tion upon  the  rotation  of  nitrogen  compounds,  using  compounds 
of  the  types  rf-phenyl-benzyl-methyl-etliyl-ammonium-rf-cam- 
phorsulphonate  and  rf-phen  yl-melhyl -ethyl-ally  1 -ammo  nium - 
rf-bro mo-cam phorsulphon ate.  It  was  found  that  in  general, 
when  higher  homologues  of  these  substances  were  prepared, 
their  rotations  differed  from  those  of  the  lower  members  of  the 
series.  A  maximum  was  reached  in  the  case  or  the  normal  or 
isopropyl  derivatives. 

Wedekind  and  Frohlich"  observed  that  when  /-methyl- 
isobutyl-phenyl-l>en;(yl-ammonium  iodide,  (CH,)(C,H,)(C„H.)- 
((;„HiCH,j)N.I,  was  allowed  to  stand  in  chloroform  solution, 
autoracemisation  took  place.  Wedekind'  has  measured  the 
velocity  of  this  racemisation  in  certain  other  cases. 

2.  Cyclic  Ammonium  Compound b.— So  far  no  substances 
of  this  type  seem  to  have  been  resolved. 

3,  Compounds  of  the  Typa  a.jboNX. — Le  Bel,"  Jones,* 
Kipping  and  Barrowcliff,^  have  all  tried  to  resolve  substances 
nf  this  class,  but  without  success. 


'  Jones,  TViwu..  B3,  1418  (1903) ;  B9,  223  (1904). 
=  Thomas  and  Jones,  Trani.,  89,  280  (1906). 
'  We^Iekind  and  Frohlkh,  Btr.,  SB,  3933  (l()05), 
'  Wedekind,  Ztil.  EUctrochtm.,  IB,  330  (1906). 
'  Vc  Bel,  Ciimfil.  rrml.,  118,  724  (1K91). 
•;<•"«».  7™«„88.  1406  {lyo3). 
'  Ktppine»nd  Ksrrovi^lilf.  Tram.,  83,  1141  (190; 
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\  111-  THEORETICAL  VIEWS  ON  THE  CONFIGURATION 
OF  NITROGEN  COMPOUNDS. 

Having  Ihus  surveyed  the  cases  in  which  isomerism  is 
known  to  occur  among  the  nitrogen  compounds,  we  must  now 
deal  with  the  theories  put  forward  at  various  times  as  to  the 
configuration  of  those  molecules  which  owe  their  optical 
aclivity  to  the  presence  of  an  asymmetric  nitrogen  atom. 

It  is  impossible  to  arrange  five  points  symmetrically  upon 
the  surface  of  a  sphere  except  at  equal  distances  round 
a  great  circle;  so  in  the  case  of  pentavalent  nitrogen  an 
exception  to  the  usual  theory  must  he  made,  and  some 
distinction  must  be  drawn  between  the  valencies.  In  one 
attempted  solution  of  the  problem  the  assumption  is  made 
that  the  valencies  of  a  pentavalent  nitrogen  atom  are  directed 
toward  the  comers  of  a  double  pyramid  at  whose  centre  the 
atom  itself  lies.  Suggestions  of  this  kind  have  been  put 
forward  at  various  times  by  Willgerodt,'  Burch  and  Marsh," 
Behrend,"  B^hal,'  and  van't  Hoff."  It  will  be  sufficient  to  give 
an  account  of  the  last  of  these. 


A 

A 

^ 

/ 

Van't  Hoff  supposes  that  the  nitrogen  atom  occupies  the 
centre  of  a  cube,  toward  five  corners  of  wiiich  the  five  valencies 
of  the  nitrogen  atom  are  directed.     In  the  above  figure,  where 

I  Willgerodl,  J.pr.  Ckim.,  [a]  37,  450  (1888)  ;  41, 191  (1890). 
»  Butch  «nd  Marsh,  Tram.,  M,  656  (\%%<j). 

•  Behtend,  Srr.,  St,  4S4  (1S90), 

•  Whal,  CoH/frencts  dt  la  (hmk,  IV.  60-63  (1896I. 

•  Vaa'iliaff,  Aaricifai  iiSer  Jk  organiidu  Chrimt,  p,  iq- 


OPTICAL   ACTIVITY 

the  valencies  arc  represented  by  dotted  lines,  it  is  evident  that 
those  valencies  directed  to  i,  a,  and  3  are  of  equal  value 
while  those  directed  to  4  and  5  are  different  from  each  other 
and  from  all  the  rest.  This  difference  is  made  in  view  of  the 
fact  that,  though  ammonia  will  unite  with  hydrochloric  acid, 
it  will  not  combine  with  two  hydrogen  atoms  or  two  chlorine 
atoms ;  and  it  is  postulated  that  one  of  lUe  two  valencies  4 
and  5  is  uliUsed  in  holding  the  negative  radical  of  ammonium 
salts.  If  we  sup[x>se  that  this  special  valency  is  the  one 
directed  toward  5,  we  shall  find  that  for  the  compound 
(A,  =  N.B).X  there  are  two  possible  configurations  which 
may  be  represented  thus  : — 


If  a  new  radical  be  introduced  into  the  a 

stead  of  one  of  the  A  radicals,  the  salt  will  become :- 


and  there  would  he  four  possible  configurations,  three  of  which 
are  shown  below  : — 


■         The 
^B        its  mi 
^^L    risn  U 


The   first  of  these  three    isomers   is   not  superposable  upon 

mirror-image,  so  that  compounds  of  this  type  ought  to  give 

risf  to  oplica-Uy  active  foiias.     Uv  to  dm  present,  no 
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III 


isomers  have  been  shown  to  exist.  If  another  of  the  A  groups 
be  replaced  by  a  new  radical,  four  different  configurations  can 
be  obtained,  each  having  a  mirror-image  different  from  itself. 
As  has  just  been  shown,  however,  compounds  of  the  type 
o^dNX  have  so  far  been  known  to  give  rise  to  only  a  single 
pair  of  isomers. 

C  C 


B 

A 
D 

A 

/     y 

/ 

C 

B 

X 


X 


The  van*t  Hoff  hypothesis  cannot  be  brought  into  agreement 
with  the  facts  known  at  present. 

There  are  three  other  theories  which  must  be  described. 
The  first  is  due  to  Bischoff,*  who  suggested  that  ammonium 
chloride  could  be  represented  by  the  pyramidal  figure  : — 


Fig.  24. 
Now,  in  the  case  of  a  substituted  ammonium  salt,  it  is  obvious 


*  Bischoff,  Ber,^  28,  1970  (1890) ;  see  also  Reychler,  Bull.  Soc,  cAitn., 
[3)  ^/  974  (tgo^h 


I 


no  OPTICAL   ACTIVITY 

Ihc  valencies  are  represented  by  dotted  lines,  it  is  evident  tJ 
those  valencies  directed  to  i,  a,  and  3  are  of  equal  value; 
while  those  directed  to  4  and  5  are  different  from  each  other 
and  from  all  the  rest.  This  difference  is  made  in  view  of  tii^ 
fact  that,  though  ammonia  will  unite  with  hydrochloric  acidj 
it  will  not  combine  with  two  hydrogen  atoms  or  two  chloriru 
atoms ;  and  it  is  postulated  that  one  of  the  two  valendes  4 
and  5  is  utilised  in  holding  the  negative  radical  of  ammonium 
salts.  If  we  suppose  that  this  special  valency  is  the 
directed  toward  5,  we  shall  find  that  for  the  compound 
(A,~N.B),X  there  are  two  possible  configurations  which 
may  be  represented  thus  :— 


If  a  new  radical  be  introduced  into  the  ammonium  salt  in^' 
stead  of  one  of  the  A  radicals,  the  salt  will  become : — 


[h.).. 


and  there  would  be  four  possible  configurations,  three  of  which 
are  shown  below : — 


The  first  of  these  diree  isomers  is  not  superposable  upon 
its  mirror-image,  so  that  compounds  of  this  type  ought  to  give 
rise  to  optically  active  forms,     Up  to  the  present,  no  such: 


nitrogen  atom  ali>ne,  it  plays  no  part  in  the  sterectchemicnl 
properties  of  the  compound  from  the  point  of  view  of  valency  ; 
Injl  it  must  be  considered  as  lying  in  space  near  one  of  the 
radicals  united  with  the  nitrogen  atom.  Taking  thu-  same 
compounds  as  were  dealt  with  in  the  last  case,  we  find  the 
following  possibilities : — 


'•0>-> 


I.  (A,N...B)X     It.  I  N,..a)X 

[.  I  B-N  .,r  |\     VIM.  (C— -J  ..B  (> 


.(c>,.> 


We  have  thus  the  same  number  of  isomers  as  were  derived 
from  the  van't  Hoff  model.  If,  however,  we  neglect  the 
position  of  X,  and  regard  it  as  attached  to  the  group  iibcifH  as 
a  whole,  we  need  then  consider  only  the  space  relations  of  the 
group  'Hab(d,  the  case  is  parallel  to  that  of  the  asymmetric 
carbon  atom.  The  results  can  then  be  brou(;ht  into  line  with 
the  experimental  evidence. 

The  last  space  formula  which  need  be  mentioned  is  due  to 
H.  O.  Jones,"  It  appears  to  be  the  only  one  which  agrees 
with  the  known  facts.  Jones  disputes  the  correctness  of  the 
assumption  made  in  the  case  of  the  van't  Hoff  formula,  as 
regards  the  difference  between  the  two  "  abnormal "  valencies, 
and  points  out  that  if  one  of  the  new  valencies  were  pre- 
destined to  be  the  one  attached  to  the  alky!  group,  or  the 
acidic  radical,  only  one  of  the  two  optical  isomers  would  be 
formed,  whereas  in  practice  the  i/-and  /-  compounds  are  formed 
in  equal  quantities.  It  has  already  been  shown  that  there  is 
good  ground  for  believing  that  in  a  compound  "Habc,  the  three 
groups  a,  d,  and  c  lie  in  one  plane  with  the  nitrogen  atom 
Klf.     Now,  when  a  trivalent  compound  combines  with  two 
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that,  in  calculating  the  isomerism  possibilities,  only  the  radicals- 
arranged  about  the  base  of  the  pyramid  need  be  considered,' 
since  in  all  cases  the  acid  radical  remains  fixed  lo  the  apex  of 
the  pyramid,  no  matter  liow  the  other  groups  ate  changed. 
The  question  therefore  is  reduced  to  one  dealing  with  the 
s  of  four  radicals  lying  in  one  plane.  There  will  bo 
no  isomerism  in  the  case  of  the  salt  (N.AiB)X;  compounds 
of  the  types  (N.A.,R,)X  and  (N.A3C)X  will  exist  in  two 
configurations,  some  of  which  can  be  superposed  upon  their 
mirror-images.  The  figures  below  show  the  arrangement  of 
the  radicals  around  the  base  of  the  pyramid  in  these  cases 


fiL- 


No  such  isomers  are  known.  In  the  case  of  those  compounds 
where  the  nitrogen  atom  is  attached  to  five  different  radicals, 
there  are  three  isomers  possible,  each  of  which  could  exist  in 
active  forms : — 

|B  A| — iC 


D^ 


Werner  has  applied  his  theory  of  "  main-"  and  "  subsidiary- 
valencies"  to  the  question.  According  to  his  view,  the  coin- 
pound  of  HX  with  tiabe  is  formed  by  the  attraction  of  the 
nitrogen  atom  for  the  hydrogen.  After  the  union  of  the  twtf 
has  taken  place,  there  remains  over  in  the  group  Nd^ll 
sufficient  affinity  to  attract  and  hold  the  halogen  atom  X, 
Since  X  is  held  by  the  whole  group  Nk/'cH,  ajid  not  by  tl 


» 
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nurogeii  atom  alone,  it  plays  no  part  in  Ihe  stcrcochemicnl 
praperlies  of  ihe  compound  from  the  point  of  view  of  valency  ; 
Iwt  it  must  be  considered  as  lying  in  space  near  one  of  the 
mdicals  united  with  the  nitrogen  atom.  Taking  the  same 
compounds  as  were  dealt  with  in  the  last  case,  we  find  the 
following  possibilities : — 


I.  (A,N.,.B)X 


in('>.B)>:   iv.(^>..c).   v.(a>....)x 

'I.(b-N  ..d)x     VII.  iB-fJ  .,C  IX     VIII.  IC— N„.BJX     IX.  I  C-^l„.  A  IX 

We  have  thus  the  same  number  of  isomers  as  were  derived 
from  the  van't  Hoff  model.  If,  however,  we  neglect  the 
position  of  X,  and  regard  it  as  attached  to  the  group  ubal^  as 
a  whole,  we  need  then  consider  only  the  space  relations  of  the 
group  Hitbcd,  the  case  is  parallel  to  that  of  the  asymmetric 
carbon  atom.  The  results  can  then  be  brought  into  line  with 
the  experimental  evidence. 

The  last  space  formula  which  need  he  mentioned  is  due  lo 
H.  O.  Jones.'  It  appears  to  be  the  only  one  which  agrees 
with  the  known  facts.  Jones  disputes  the  correctness  of  the 
assumption  made  in  the  case  of  the  van't  Hoff  formula,  as 
regards  the  difference  between  the  two  "  abnormal  "  valencies, 
and  points  out  that  if  one  of  the  ntv;  valencies  were  pre- 
destined to  be  the  one  attached  to  the  alkyl  group,  or  the 
acidic  radical,  only  one  of  the  two  optical  isomers  would  be 
forined,  whereas  in  practice  the  d-  and  /-  compounds  are  formed 
in  equal  quantities.  It  has  already  been  shown  that  there  is 
good  ground  for  believing  that  in  a  compound  'Habc,  the  three 
groups  a,  b,  and  c  He  in  one  plane  with  the  nitrogen  atom 
Now,  when  a  trivalent  compiound  combines  with  two 
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new  radicals,  so  that  ihe  nitrogen  atom  hccomes  pcnUvaient, 
this  equilibrium  is  disturbed  and  new  equilibrium  positions 
must  be  found,  which  will  be  determined  by  the  mutual 
attractions  of  the  atoms  involved.  There  will,  therefore,  be  % 
definite  spacial  arrangement  of  the  atoms,  and  the  fifth  grouji^ 
being  electronegative  while  the  other  four  are  electropositive, 
will  always  bear  approximately  Ihe  same  relation  to  each  of 
these  four  groups.  A  change  of  valency  position  similar  to 
that  which  occurs  when  sulphur  and  selenium  change  their 
valency  from  four  to  six  '  is  therefore  assumed  lo  take  place. 
The  following  scheme  gives  a  representation  of  the  processes 
involved : — 


rf„_L_i 


'^—m. 


i     *  X 


I 


Flo.  15. 

The  two  compounds  thus  produced  are  mirror-images  of  onfi 
another.  It  should  be  noticed  that  the  order  of  the  three 
groups  already  present  in  the  trivalenC  nitrogen  compound  it 
not  altered  by  the  rearrangement.  The  group  d  is  supposed 
to  be  capable  of  interposing  itself  between  two  of  the  groupt, 
in  the  way  which  leads  to  the  most  stable  configuration  beinC 


'  Ppfie  and  Neville,  7yom„»l,  \s6oUopaV 
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I'l'ilucfd.  From  this  it  c.-in  be  seen  Ihat  in  the  formation  or 
'iie  rompound  tiai^ifK  from  NaSc  and  rfX,  from  Jia/'d  and  cX, 
'T  in  either  of  the  other  two  possible  ways,  thu  end-product 
"lil  always  be  the  same.  This  theory  explains  all  the  known 
ncls,  and  is  probably  near  the  truth. 


SUI-PHUR. 

Several  fruitless  attempts  to  isolate  active  sulphur  com- 
pounds were    made  by  various    investigators,    among    whom 
were  Aschan,'  Vanzetli,'  Stromholm,"  and  Pope  and  I'eachey.' 
Smiles,"  from  m-bromacetophenone    and   methyl-ethyl-s\il- 
-Ohide,  synthesised  the  glassy  sulphine  bromide  : — 

I 


^CO— C.H, 


Br 


from    which  the  bromocamphorsulphonate  was  made.      Two 

salts  were  isolated  ; — 

(1)  Colourless  needles        M.P.  194-195°      [a][,  =  +49'7° 
(2}  Fine  needles  M.P.  183-184='       [a],.  =  -572'^ 

from  which  crystalline  picrates  were  formed  in  golden  needles — 
/-picrate  M.P.  135"  [a],,  =  —  g'a 

d-piaate         M.P.  ixi^"       Hi.  =  +8-i' 

Pope  and  Neville"  found  somewhat  higher  values  for  the 
same  compound. 

Pope  and  Peachey"  succeeded  in  producing  active  salts 
of  methyl-ethyl- the  tine  by  means  of  camphorsul  phonic  acid 
and  bromocaniphorsulphonic  acid, 

Ascfaan,  Ber.,  82,  993  (1899]. 
Vuuetti,  Ca:uttn.  30,  I,,  175  [1900). 
Sltomholm,  Ber.,  33,  S23  (1900). 
Pope  and  I'eiichey,  Bioc.,  16,  [2  ([900). 
.Smiles.  TraHi.iTt,  1174(1900). 
Pope  nod  NeriWe,  'J'rans.,  81,  1097  tigoil, 
P0f)6  and  PeadKf,  TVam.,!!,  107J  (igooV 
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C,H, 
I 
CH,— S— SO,.OC,„H 
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C,H, 
I 
CH,— S— SOs.OC,„H„nr 


CH.COOH 

(11.) 


CH,.COOH 

The  first  salt,  M.P.  ii5-ii7'',afli:r  being  fractionallycrystaDiKd 
forty  or  fifty  times  from  a  mixture  of  ether  aiid  alcohol,  goes 
over  into  a  second  modification,  melting  at  iiS-iao°,  The 
rotation  values  of  the  two  salts  are  : — 

(0  (>) 

[  «  ]  „  +  is-e"  +  (>rf 

[M]„  +68-0=  +290-S'' 

From  both  salts,  by  treating  with  hydrochloric  acid  and  pre- 
cipitation with  platinum  chloride,  the  following  double  salt 
(M.P.  177-180")  can  be  obtained:^ 


CjH,        CH,COOH 


4-5 


./  V 


CI 


CH. 


The  activity  in  the  last  case  can  originate  only  in  the  sulphur 
atom. 

Smiles.'    prepared    methyl-eihyl-thetine-bromide-Z-menlhyl 
ester  from  /-menthyl-bromoacetate  and  methyl-ethyl- sulphide. 


CH,  Br 

^S-I-CH, 
CH,  ^"^  COOC,„H,. 


CH, 


■^=^ 


/  X 
CH.      CH,COOCi,H„ 


which,  when  hydrolysed  with  moist  silve; 
acid,  gives : — 

X> 

CH,         CH, 

(In«clivr> 


oxide  or  hydrochloric 


J 
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£  Ht  found  that  {a)  the  product  yields  an  inactive  methyl- 

■     «hyl-thetjne  on  saponification  with  silver  oxide,  or  with  cold 
I     concentrated     hydrochloric    acid  ;    {b)     that    the     molecular 
'      rotatory  power  of   the  product  lies  nearly  half-way  between 
those  of  the  dimethyl  and   diethyl  derivatives;   (i:)  thai  the 
platinichloride    of   rfZ-methyl-ethyl-theline-Z-raenlhyl-ester    bro- 
mide, when  prepared  from   /-menthol  and  the  acid  bromide 
of  i//-methyl-ethy!-thetine  has  the  same  rotatory  jiower  as  the 
platioic blonde    made    from    the   product  of  asymmetric  syn- 
thesis.    Hence  it  is  concluded  that  the  two  isomeric  d-  and 
/-  melhyl-cthyl-thetine-Z-menlhyl-ester  bromides  are  produced  in 
equal    amount  from  the  interaction  of  methyl-elhyl-sulphide 
^aad  Amenihyl  bromoacetate. 


Selenium. 


Pope  and  Neville '  have  described  the  isolation  of  an  active 
selenium  compound.  They  allowed  methyl- phcnyl-selenide  to 
act  upon  hromoaceiic  acid,  producing  methyl-phenyl-selcnetine 
bromide  :— 


CH. 


Rr 


C.H, 


CH^COOH 


When  this  is  treated  with  the  silver  salt  of  rf-bromocamphor- 
-ulphonic  acid,  it  yields  a  mixture  of: — 

{a )    d-m  ethyl-phenyl-selenetine-rf-bromocamphorsulphonate 

(needles,  M.P.  i68°;  [a]„  =  6i-z6°  in  water), 
(i)  /-methyl -phenyl-selenetine-rf-bromocamphorsulphonate 
(small    white    plates,   M.P.   151°;    [a]„  =  38-8i°,    in 
aqueous  solution). 
The  second  salt  is  much  more  soluble  in  alcohol  than  the  first. 
The  molecular  rotations  of  the  two  salts  are  : — 
(«)  [M]„  =  +  ii<.r 
{b)  [M]„  =  ^.  309-6" 
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Both  isomeric  iZ-bromocamphoisulphonates  give  the  same  in- 
active double  salt  with  iiK^tcuric  iodide :  racemisatioti  tlierefore 
occurs. 

Tin. 
Ill  1900,    Pope   and    Peachey '    synthesised  a   compound 
which  contained  onu   atom  of  tin  directly  united  with  four 
different  groups.     By  the  following  series  of  reactions,  they 
produced  methyl-elhyl-propyl-slannic  iodide  :— 
3Sn(CH,),I  +  Zn{CjH.)j  =  2Sn{CHJiQH.  +  ZnU 
Sn{CH>),Q,H,  +  I.  =  Sn(CHxWCH.)l  +  CH.I 
aSn(CH,WCH,)I+Zn(C,H7).=2Sn(CH,WC,H,)(C,H;)+ZnI 
Sn(CH,WC,H.)(C.H,)  +  I,  =  Sn(CH,}(CH,){C,H;)l  +  CH.I 

The  end-product,  externally  compensated  methyl  -  ethyl  - 
/;-prupyl-5lannic  iodide,  is  a  yellow  oil  almost  msoluble  in 
water.  Its  boiling-point  is  270°.  When  it  is  treated  with  an 
cqui molecular  quantity  of  silver  iZ-camphDisulphonate,  it  yields 
a  salt  which  crystallizes  in  shining  plates  of  M.P,  115-116°. 
The  salt's  [M]u  is  -l-g's",  so  that  the  molecular  rolaioiy 
power  of  the  radical  -Sn  (CH:,)(C,H,)(Ci,H;)  is  about  -4-45'. 
This  was,  therefore,  the  right- rota  ting  component,  When 
the  raother-liquor  was  evaporated,  however,  t/u  same  salt  was 
found ;  and  in  no  way  could  the  /-variety  be  produced.  The 
rf-bromocamphorsulphonale  was  also  made,  and  found  to  have 
a  rotation  of  -1-48°  for  the  monovalent  radical  shown  above. 
The  rf-methyl-ethyl-w-propyl -stannic  iodide  was  also  prepared, 
and  found  to  be  a  yellow  oil  with  a.  molecular  rotation  of  -f-  23°. 
Peculiar  ragemisation  phenomena  were  observed  in  the  case 
of  this  substance. 

Theoretical  Views  on   ihe  Configuration  of  Sulphur, 
Selenium,  and  Tin  Compounds. 

Pope    and    Neville '    have    adopted    the    idea    that   in 
active  compounds  of  a  quadrivalent  element  the  radicals  are 

'  Pope  and  Peachej, /Vk.,  18,  4»  i  116(1900). 
^^  '  Fopt  and  Neville,  TVqmj.,  11.  i$^i  KxftiV  ■ 
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ers  have  been  shown  to  exist  If  another  of  the  A  groups 
replaced  by  a  new  radical,  four  different  configurations  can 
l)e  obtained,  each  having  a  mirror-image  different  from  itself. 
As  has  just  been  shown,  however,  compounds  of  the  type 
a&tdNlL  have  so  far  been  known  to  give  rise  to  only  a  single 
pair  of  isomers. 

C  C 


B 


/  / 

X 

B 

A 
D 

A 

/     y 

D 

D 

B 

C 

/X 

/ 

X 

/ 

D 

B 

X 


The  van't  Hoff  hypothesis  cannot  be  brought  into  agreement 
with  the  facts  known  at  present. 

There  are  three  other  theories  which  must  be  described. 
The  first  is  due  to  Bischoff,*  who  suggested  that  ammonium 
chloride  could  be  represented  by  the  pyramidal  figure  : — 


Fig.  24. 
Now,  in  the  case  of  a  substituted  ammonium  salt,  it  is  obvious 


*  Bischoff,  Brr.,  28,  1970  (1890)  ;  see  also  Reychler,  Bu//,  Soc.  chim.^ 
[3]^,  974  (^902). 


d  resolving    its  sulphoi 
mponents. 
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Kipping  and  Peters'  endeavoured  to  resolve   todonium 
compounds  of  die  type  \abc.    The  results  were  negative. 


Micbaelis's  *  attempts  to  resolve  a 
type  AsaicdX  were  also  fruitless. 


inic  compounds  of  the 


Phosphorus. 

R.  M.  Caven'  was  able  to  show  that  iii  a  molt-cule  ot 
phosphoryl  chloride,  the  three  chioriite  atoms  are  identical  in 
propenies ; — 

Cl\ 

CI— P  =  o 
CI/ 

It  is  therefore  probable  that  they  lie  in  one  plai 
so,  then  the  molecule  ; — 

R.J— P  =  0 
R,/ 

will  be  asymmetric,  whether  the  phosphorus  atom  lies  in  the 
same  plane  as  the  radicals  Ri,  R„  R,  or  not.  Attempts  to  pro- 
duce active  salts  of  this  type,  however,  were  not  successful, 

Owing,  possibly,  to  the  injurious  action  of  phosphonium 
compounds  upon  ferments,  Michaelis  *  was  unable  to  resolve> 
compounds  of  the  type  "PadcdX.. 

•  Kipping  and  Peters,  froc.,  Ifl,  61  (1900)  \  Peters,  Trans.,  Bl,  1350 
(190J). 

•  Michaelis,  Aniialin,  821.  159  (igoa). 
'  Caven,  TrafU.,  81,  1161  (1902) 
'  Miduelii,  ^mnaitM,  S16,  sSOgoiV 


CHAPTER   IX. 

ROTATION. 

W£    VARIATION  OF  THE  SPECIFIC   KOTATtOff 
OF  DISSOLVED  SUBSTANCES. 

Sffectof  varying*  the  Concentration. — In  1838  Biot,' 
lying  the  behaviour  of  aqueous  solutions  of  tartaric 
mnd  that  as  the  solution  was  diluted  the  specific  rola- 
icreased.  This  is  not  the  case  with  all  substances, 
;r,  for  when  solutions  of  camphor  and  coniine  in  alcohol 
ated,  the  specific  rotation  diminishes.  The  phenomenon 
le  due  to  some  action  of  the  inactive  solvent  upon  the 
substance, 
is  would  not  be  of  much  importance  were  it  possible 

the  rotation  of  all  substances  in  the  liquid  state ;  but 
,  is  impossible  in  some  cases,  means  have  to  be  devised 
ling  the  tiue  specific  rotation  of  a  substance  in  solution. 
(ire  consider  the  case  of  a  substance  dissolved  in  a  pure 
eneous  liquid,  we  may  represent  the  effects  of  var>ung 
trations  upon  the  specific  rotation  in  the  following 
r.  Taking  two  rectangular  axes,  measure  along  the  one 
(  corresponding  to  the  ]>ercentages  of  inactive  solvent 
linixtiire  {q),  while  the  length  of  the  ordinate  corre- 
tt  to  each  abscissa  is  made  proportional  to  the  value 
•  Specific  rotation  for  that  degree  of  concentration.  If 
z  joining  the  ends  of  the  ordinates  be  straight,  it  will  be 
inted  by  the  equation : — 

H  =  A  +  Bj  .    .     .    ,     .    .     (D) 
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where  A  and  B  are  constants,  which  can  be  calculated  from 
experiments.  If  it  be  not  straight,  the  equation  will  lake  som 
other  form  ;  e^. — 

[a]  =  A  +  IV+Cir';orH  =  A  +  ^,^-      .     (E) 

In  these  formulae  A  represents  the  true  specific  rotation 
of  the  pure  substance,  while  the  values  of  B  in  formula  (D)  and 
of  B  and  C  in  (E)  depend  on  the  amount  of  variation  from  thii 
produced  by  the  addition  of  i  per  cent,  of  inactive  sotvenL 
This  may  be  easily  proved,*  as  follows : — 

Put?  =  o  in  (D)  or  (E). 

Then  [a]  =  A. 

Similarly,  put  q  =  i.  Then  B  or  B  and  C  depend  on  t 
change  in  rotation  produced  by  the  addition  of  i  per  cent, 
inactive  solvent. 

Other  modifications  of  these  formula;  are  sometimes  usedj 
but  for  a  discussion  of  them  the  reader  is  referred  to  Landalt'i 
book. 


•  The  following  alteniallve  proof  is  given  by  Landod  ;- 
I-'ioni  equnlionii  (C),  on  p.  IJ,  and  (O)  we  have  : — 


•■■/-:7o^,  =  *+»' 

nnd  B^/,^j  A+/li-  ,'^\/-  —'l'\ 

\S  q  be  pul  equal  to  too,  then  a  becomes  zero,  there  lieing  no  rotmioi 
solution  of  intinite  dilution.     If  ?  be  put  equal  to  zcru,  tben  a  bveomet 
eqiuki  to  /.•/.  A,  that  is,  the  angle  of  rotation  shown  by  a.  column  of  [ 
subtUuice  I  decimetre  long  with  a  specific  gravity  d.     (iiee  Formula  A, 

»hicb  is  ibe  s/iccifii;  rotation  of  die  ittliiUuce  wilhuvii.  aoy  solvent. 


DOTATION 

From  ihe  above,  it  will  be  seen  ihat  in  order  to  find  the 
ifue  sjjecific  roiation  of  a  solid  active  substance,  three  observa- 
tions at  different  concentrations  must  first  be  made,  from 
which  it  will  be  fwssilile  to  determine  whether  the  relation 
Iwtween  the  speci6c  rotation  and  the  concentration  can  be 
graphically  represented  by  a  straight  line  or  not.  If  it  can  be 
so  represented,  extrapolation  can  at  once  be  resorted  to,  and 
the  true  specific  rotation  obtained  ;  but  if  the  line  be  a  curve, 
many  observations  will  be  necessary  to  define  it  exactly,  and 
only  after  these  have  been  made  can  extrapolation  be  safely 
employed, 

a.  The  Effect  of  varying  tie  Solvent.— The  nature  of 
the  solvent  chosen  appears  to  have  a  considerable  effect  upon 
the  speciRc  rotation.  For  instance,  (/-tartaric  acid,  which  in 
aqueous  solutions  is  dextro-rotatory,  becomes  Ikvo  rotatory 
when  it  is  dissolved  in  a  mixture  of  ether  and  acetone.  In 
those  substances  where  the  effect  is  not  quite  so  marked  as 
this,  the  sjjecific  rotation  is  increased  by  some  solvents  and 
decreased  by  others. 

For  example,  normal  propyl  diacety  I -tartrate  shows  the 
following  specific  rotations  in  different  solvents.'  The  pure 
ester  alone  has  a  specific  rotation  [«]„  =  i3'3''. 

Salnal.  [a^i, 


\ 


Cubon  disulphide 

Acetone      .     .      .  . 

Elhyl  alcohol  .      .  . 

Eihylidenc  chloride  . 

Caibon  tetrachloride  . 

Benzene      .     .      .  ■ 


367= 
9-6= 

3-r 


The  chief  workers  in  this  field  have  been  Frankland  and 
Pickard,'  Patterson,'  and  Purdie  and  Barbour,* 

'  Frcuodlei,  Ceiafl.  rend.,  117,  556  (iSgj);  Ann.   Chim.  Fhys.,  [7] 

■   Franklsuid  and  Pickud,  Trans.,  69,  IZ3  (1S96). 
*  Pattcraon,   Tram.,  79,  167,  477  (190:) :  81,   1097,  1134  (19021  ;  8S, 
1116.  lisj  (1904);  Pillasonan.f  'Taylor,  Trauj.,  Bl,  lai  (190SV 
^^    •  Pardie  aad  Barboui,  Jraiu.,  79,  gj/  (1901). 


3.  The  Effect  of  varying;  the  Temperatuie.— 

in  temperature  brings  about  a  change  in  specific  rotation,  bul 
this  change  differs  for  each  substance ;  the  rotations  of  some 
bodies  are  increased,  while  those  of  others  are  diminished.' 
No  definite  rule  can  be  laid  down  in  this  case. 

4.  Some  Cauaea  of  ChangsB  in  Specific  Rotatioii.— 
(a)  Elee&olytic  Dhsociation. — The  first  experiments  which 
threw  any  light  upon  this  subject  were  made  by  Landolt,-  in 
the  course  of  an  investigation  of  the  metallic  lai 
noticed  that  many  neutral  tartrates  had  the  same  molecular 
rotation,  and  that  the  metallic  atoms  appeared  to  exercise 
great  influence.  Similar  results  were  observed  in  the  case  d 
an  active  alkaloid  dissolved  in  inactive  acids.  A  further  stef 
was  made  when  it  was  found  that  salts  of  malic  add 
camphoric  acid,  which  gave  very  different  rotations  in  C' 
centrated  solutions,  tended  to  give  approximately  equal  rot* 
lions  when  the  solutions  were  sufficiently  diluted.'  Free  malic 
acid  had  a  rotation  different  from  that  of  its  salts. 

Hadrich'  was  the  first  to  give  a  satisfactory  explanation 
of  these  phenomena.  Assuming  that  the  salts  of 
or  bases,  when  in  sufficiently  dilute  solution,  become  dissociated 
into  their  ions,  he  pomted  out  that  this  was  sufficient  to  explain 
the  fads  ;  and  he  formulated  the  case  as  follows  :  "  The  rotating 
power,  in  approxiinalely  completely  dissociated  solutions,  not 
only  of  salts,  but  of  electrolytes  in  general,  is  independent  of 
the  ion," 

The  apparent  difference  between  malic  acid  and  its  salts 
was  explained  by  the  fact  that  the  add  itself  is  not  a  good 
electrolyte.     On  the  other  hand,  Rimbach's  results'  seem  to 

'  Coyc  and  Amaral,  Compt.  rtnd.,  1!0,  1345  (1895) ;  liuye  and  Alton, 
Campt.reml.,\^k,\ln\\yjT|■,  tSG,  819(1397) ;  Ftankland  snd  McGrefOt, 
7yiuu.,  68.760(18^)  ;  69,  101(1896]  i  Friuikland  nnd  Wharton,  Tram., 
ee,  1309  (1896)1  Walden,  Ber.,  36,  781  (1903);  Guye  and  Wossmet, 
y.  chim.  fhyt.,  1,  257  {1903)  [  Patlerson,  Trans-i  IS,  765  (1904)  ;  Gton^ 
mniui  and  Putter,  Ber.,  %1,  84.  1160  (1903). 

■  Laodolt,  Ber.,  6,  1077  (1873I, 

>  Schneider,  Annalat.  HOT,  157  (iSSl)- 

'  Hadrich,  Ztil.  pkyiikal.  Ckim.^  IS,  476  (1&93). 
'  AimlMch,  Zeit.  fhyiikal.  CKtm.,  W,  i^v  <.^^^ 


'-^i'lT   lo  Ibc   faci  that  the  rotation  of  electrolytes  i 
-nt  of  their  d^rcc  of  ionisatioti. 

t  Mde(ul<iT  Ax^rpiHans  in  Soiutiens. — When  acetic  acid  is 

Ived  in  ether,  its  molecular  weight  ia  normal,  corresponding 

'   li.Oi,  but  if  it  be  dissolved  in  benzene,  the  result  appears 

1.-  an  aggregation  of  two  molecules,  giving  a  molecular 

■-M  of  (C,H,0,)c     This  might  lead  to  the  conclusion  that. 

Ti  anomalous  rotations    have  been  observed,  they    might 

:m'_-  lo  the  presence  in  solution  of  some  such  aggregation. 

1  .1  lii.  w   to   deciding  this  question,  investigations  were 

:i  liin  '{•)■  several  observers,'  with  the  result  that  in  some 

-  ii.ii  appears  to  be  a  connection  between  aggregation 

.  -.iinorraai  rotation,  while  in  others  no  such  relation  can 

t:3Ced. 

('I  Cemplts  Polymerised  Mokevks  in  the  Solution  {Crystal 
'  !f>-ules).—h  few  compounds  are  known  which  possess  the 
".r  of  rotating  the  plane  of  polarization  both  when  in  the 
A  5laie  and  when  in  solution;  and  in  their  case  it  has  been 
r\-ed   that   their  rotation  in    the  solid  state  differs   from 
■::   shown    by   their    solution.      This   diflTerence    has    been 
nlied  to  the  fact  that  while  their  rotations  in  the  state  of 
:iion  are  due  solely  to  the  intramolecular  arrangement  of 
■;i  atoms,  their  rotation  in  the  crystalline  slate  is  further 
iified  by  the  form  in  which  they  crystallize. 
The  same  reasoning  has  been  applied  lo  the  case  of  some 
iti normalities  of  rotation  in  the  case  of  dissolved  bodies.     It, 
is  assumed  that  if,  in  a  solution,  a  sulhcient  number  of  mole- 
cules form  an  aggregation,  they  may  produce  an  effect  upon 
the  plane  of  polarization  comparable  to  that  caused  by  the 
lonn  of  the  crystal  in  the  case  of  solid  strychnine  sulphate. 

Two  esaniplcs  may  be  described,  in  order  to  make  the 
point  clear.  In  concentrated  solutions,  malic  acid  shows 
dsxtio-rotation  ',  but,  on  dilution,  this  decreases,  passes  through 
mo,  and   finally  is  changed  to  Isevo- rotation."     A  lowering 

:.  Ann.  ChhH.  PJiyt.,  [7|  4.  256(1895);  Pescella,  €a-ttlla, 
■;5)  ;  Wnldcn./oV./iyjA*!!/  C^wh.,  17,705(1895)-,  Fiank- 
,  7>Bn.f.,m.  iJ3(iSg6). 
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of  the  teniperalure  protJuces  somewhat  similar  results.'  Willi 
r'Alartaric  add,  the  effect  is  reversed,  the  rotation  passing  from 
left  to  right  as  the  dilution  is  increased," 

These  phenomena  cannot  be  explained  by  electrolytic 
dissociation,  because  since  malic  and  tartaric  acids  are  not 
good  electrolytes,  this  dissociation  could  only  be  expected 
in  dilute  solutions  ;  nor  can  the  cause  be  looked  for  in  simple 
polymerization,  for  molecular  weight  determinations  show  that 
the  molecular  weight  undtr  the  conditions  of  the  experiment 
is  normal ;  and  lastly,  it  is  not  due  to  the  formation  of 
hydrates  in   the   solution,'     This  point  will    be  dealt  with 

The  following  explanation  seems  to  be  the  most  probable 
one.  It  is  assumed  that  single  molecules  of  malic  acid  are 
dextro-rotatory,  but  that  in  a  concentrated  solution  they  ate 
capable  of  building  up  a  structure  of  several  molecules  which 
has  lasvo-Tolation.  This  was  tested  by  determining  whether 
(/■tartaric  acid  in  ilie  solid  state  was  also  la:vo-rotatory,  which 
was  found  to  be  the  case.'  Later,  Walden  showed  thai  similar 
relations  held  good  for  malic  acid." 

This  explanation  makes  clear  also  the  reason  why  some 
bodies  in  certain  solvents  exhibit  a  variety  of  rotation  different 
from  that  which  they  show  when  dissolved  in  other  liquids, 
as  some  solvents  favour  the  formation  of  such  crystal  mole- 
cules, while  others  have  not  this  etfecl. 

It  should  be  clearly  understood,  however,  that  the  question 
is  still  under  discussion;  and  no  definite  conclusion  has  yet 
been  drawn.  The  matter  is  discussed  in  detail  in  one  of 
Walden's  papers,"  with  which  Patterson's  criticism'  must  be 
compared. 

■  ThomBCD.  Btr.,  IB,  441  (1882). 

'  Aredlsen,  y(«<i.  CA/iw./Wj-i.,  [3]  84,403(1858)  ;  Ann.  d.  pfyiai,VM, 
31*  (18S8)- 

■  Nnsiai  and  Gennari,  Zril.  fihyitil.  Chtm.,  IS,  1 13  (1S96), 
•  Biot,  Ann.  dim.  Pkys..  I3J  28,  351  (1850), 

>  Walden,  Htt..  M,  2849  (1899I. 
'  WaMen,  Bf..  38.345(1905). 
'  Fatlcrson,  £tr.,  38,  4090  090 5 V 
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(</)  Ci'iihitiatwits  of  the  Active  Body  with  the  Sobtnt.— 
I  Attempts  have  been  made  lo  explain  the  change  in  specific  rota- 
lioQ  brought  about  by  dilution  on  the  assumption  that  hydrates 
of  the  active  substance  are  formed  which  contain  more  water 
the  more  dilute  the  solution  becomes.  This  has  been  proved 
to  be  improbable,  as  for  all  concentrations  the  ratio  of  hydrated 
to  unhydraled  molecules  in  most  cases  remains  the  same.' 
But  though  the  general  formation  of  hydrates  must  be  con- 
sidered as  improbable,  there  is  no  doubt  that  in  certain  cases 
compounds  are  formed  which  have  an  effect  upon  the  rotation 
of  the  substances  which  produce  them.  Reference  may  be 
made  to  the  cases  of  nicotine,"  malic  acid,^  rhamnose  hydrate,' 
and  the  results  found  with  propyl  tartrate  in  benzene'  and 
certain  alkaloids  in  alcohol  and  benzene." 

(<r)  Hydrolysis. — No  definite  information  has  yet  been 
obt^ned  as  to  this  point,  but  there  seems  little  doubt  that,  in 
the  case  of  the  salts  of  certain  weak  acids  and  bases,  hydrolysis 
plays  some  part  in  the  alteration  of  their  specific  rotations. 

(_/")  Small  Variations  in  the  Atomic  Equilibrium  of  Mole- 
cules.— When  the  effect  of  a  solvent  cannot  be  due  to  the 
formation  of  a  hydrate,  it  is  still  possible  to  explain  its  action 
if  we  suppose  that  the  molecules  of  the  solvent  and  of  the 
active  body  influence  one  another  to  some  extent.  It  is  easy 
lo  suppose  thai  the  presence  of  foreign  molecules  in  the  imme- 
diate neighbourhood  of  an  active  molecule  might  so  far  affect 
the  latter  as  to  produce  a  change  of  position  of  its  atoms  in 
space  without  the  efll"ect  being  suflScient  to  destroy  the  internal 
stability  of  the  molecule  and  bring  about  its  disruption.  Such 
an  intramolecular  change  would  naturally  bring  about  an  effect 
upon  the  plane  of  polarization  different  from  that  produced  by 


■  Nenut,  Ztit.  fkytikat.  Chrm.,  11,  345  (1893). 

■  ImdAoW,  AitHolen,  1S9,  311  (1B77]. 

'  Schnridet,  Annaten,  807, 157  {i88i)- 

■  Rajmin  and  Ktuis,  Bull.  Soc.  ckim..  [z]  48,  C132  (18S; 
BtT.,  al,  3050  (18SSI:  jocobi,  Annalm,  273,  175  (1893); 
Sule,  Bit.,  98,  1411  (1893}. 

'  FrcDDiller,  Bull.  Soe.  ehim..  [jj  9,  fiSj  (1893J. 
•  Vlyroabair,  Mih.  CAim.  P4yt.,  [y]  1,  (1894). 


the  molecule  in  its  nonnal  state  ;  and  since  the  more  molecules 
of  solvent  present,  the  greater  would  be  the  effect  produce*! 
upon  each  active  molecule,  it  is  probable  that  increased  dilution 

would  have  a  corresponding  effect  upon  the  specific  rotation. 


THE  SPECIFIC  ROTATION  OF  COMPLEX  SYSTEMS 

1.  Solution  of  an  Active  Body  in  Two  Inactive  Liquids.— 
If  the  change  in  specific  rotation  in  the  first  solvent  he 
expressed  by  :— 

[a],  =  J  +  J,?  +  fi?* 


!i  the  second  solvent  by  ;- 


f  crf' 


where  a  is  approximately  the  same  in  both  cases,  then  the 
effect  of  a  mixture  of  the  two,  provided  there  be  no  decrease 
in  volume  due  to  the  mixing,  will  be : — 

[«]=«  +  (byp,  +  V.)?  +  ('./i  +  '^)?* 
where  one  part  by  weight  of  the  mixed  solvents  contains 
parts  of  one  component  and  jS^  parts  of  the  other ;    and  a 
hundred  pans  by  weight  of  the  solution  of  the  active  substance 
contains  ^  parts  of  the  mixed  solvents. 

In  cases  where  the  substances  mix  with  contraction,  some 
correction  for  this  must  be  applied. 

a.  Mixture  of  Two  Active  Liquids. — If  we  assume  that 
the  two  substances  when  mixed  have  no  action  on  each  Other's 
specific  rotation,  then,  if  the  mixture  is  made  up  of/*,  parts  by 
weight  of  a  body  with  ispecific  rotation  [«]„  and/j  parts  of  a 
body  with  rotation  [a].j,  the  roUtion  of  the  mixture  will  be  :- 

aH,  +aW. 


w- 


3.  Solutions  of  Two  Active  Bodies  in  an  Inactive  Liquid, 

—If  the  mixture  contains  A,  per  cent.  l>y  weight  of  the  firet 
active  substance,  A.,  per  cent,  of  lUe  sfctoi-«i,  and  F  per  cent,  o£ 


ROT.!  iJ'W 


129 


!hc  inactive  liquid,  and  if  the  effect  of  ilie  solvent  upon  the  firsi 
active  body  be  expressed  by  the  equation  :  — 

[«],  =  rf,  +  b,p  +  ^,f 
and  on  the  second  by  : — 

H,  =  a,  +  b,p  +  c^ 

where/  is  the  percentage  of  active  substame  in  each  solution, 
then  by  substituting  in  these  equations  the  values  of />  expressed 
in  terms  of  A  and  F,  v^e  find  tlial  the  rotation  of  the  mixture 
of  the  three  substances  b  expressed  by  ; — 


w  = 


A,H, 


+  A,H 

+  A, 


N 


4.  Presence  of  Inactive  Bodies.-When  an  inactive  sub- 
stance is  added  to  a  solution  of  an  active  body,  an  alteration 
will  lake  place  in  the  sjiecific  rotation  of  the  latter,  due  to 
changes  in  chemical  equilibrium,  the  amount  of  dissociation, 
or  the  formation  of  new  compounds.  For  e"cample,  in  some 
cases  the  addition  of  weak  acids  or  bases  has  the  effect  of 
increasing  the  rotatory  power  to  a  considerable  extent.  Biot, 
in  1837,  found  that  boracic  acid  affected  the  rotatory  power 
of  tartaric  acid ;  Vignon '  noticed  that  the  addition  of  borax 
to  a  solution  of  mannite  increased  the  rotation ;  while  later 
Fischer'  observed  a  similar  effect  with  the  pentites  and 
hexites  discovered  by  him.  This  effect  is  sometimes  utilised 
to  render  the  detection  of  a  very  small  rotation  more  easy. 

id  molybdates,  tungstates,  and  arsenates  act  similarly. 
From  the  observations  of  Magnanini.'it  appears  that  in  the 
case  of  borax  and  mannite,  foe  instance,  actual  combination 
lakes  place  between  the  two  substances.  It  is  noteworthy 
that  these  phenomena  are  only  noticed  ui  the  cases  of  poly- 
bydroxy  compounds  such  as  poly-alcohols  and  hydroxy-acids  ; 


Vienon,  Comfl.  rend.,  77,  1 191  (1873) ;  Ann.  Ciim.  Fhyt.,  [5]  S,  440 
tt»73t- 

'  Fiicher.  Bir.,  38,  385  (1890). 

'  Magnanini,  Ga^utla,  SO,  428  (1890) ;  21,  134  ((891!  ;  ZiH.  fdyiitnl. 
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and  from  this  it  seems  not  iinpiobable  that  some  cyclic  i 
pound  is  (iroduced.  Further,  ihouj^h  borax  itself  has  nn  alkaline 
reaction,  an  addition  of  it  lo  a  sugar  solution  produc< 
mixture  haiing  a  strongly  acid  character.  The  following  formula 
has  been  put  forward  by  van't  Hoff'  as  a  jiossible  method  of 
combination  : — 

:C-Q 


Weber  and  McPherson"  found  that  the  rotatory  powM 
of  certain  substances  was  altered  Isy  the  presence  of  I 
quantities  of  hydrochloric  acid,  sodium  carbonate,  and  acetk 
add.  Papers  by  other  workers"  in  the  same  field  may  ba 
consulted. 

From  an  examination  of  the  elements  whose  com|X3 
have  the  efftcl  of  increasing  the  rotatory  power : — 


Walden '   deduces   that   the    maximum    action    is    produce^ 
by  the  elements  of  the  sixth  group  in  the  periodic  system 


'   Vaa'l  HoH,  The  ArrangimeHl  of  Alams  m  Sf,ut,  p.  1 51. 

'  Weber  nnd  McPhi-rion,  J.  Amer.  Ckim.  Soe.,  17.  311.  310  (iS^S)- 

'  GeriiL'i,  Comfl.  •vuJ.,  106,  1527  (188S)  \  108,  <mi  :  109.  iji  (1889) 
110,  5291  111.  792(1890)  :  118,  226(1891).  L-mg,  ./""<■'.  7-  Sa..\^r 
275  (1S90).  rrilitam,  '/.tit.  anal.  Chtm.,  SO.  313  (1891).  HailM,  Con/A 
ivW.,  119,  i44(iH9i).  Parnsleincr,  Jier.,38,  3570  (1S9C1).  BrEinet,  A'm 
irav.  dim..  6,  155  (i3S7|.  Poltevin,  7,  Pkyiiqne,  |j]  >,  373  tl899l 
Walden,  litr.,  80,  2liS9  (1B97).  Groumann  ant)  rullei,  Htr.^  M,  387 
(r9r)5).  HenJcrson,  Orde,  ana  Wliilelieaci.  Trant.,  75,  54*  {1899I 
Henderson  and  Trenticc,  Trans.,  tS,  159  (1903).  Miltoy,  2at.  p^ftHMU{ 
CAfrn.,BO.  443  ((905).  (litHsmann.  ^V.  I'er.  Jeut.  Zuekfind.,  ISOT 
liosenlivim  and  It/ie.  H"-,  ».  707  (1900}.  Itzi^,  /'ir..  34,  2391  (1901) 
Grossiiiann  H11.I  I'oUtr.  ZfiL  fihyxital.  CAnu..  66,  577  (n)oti). 

'  Walden,  Jin:,  81,  345  (1905!. 


I  which,  while  showing  in  their  oxides  no  strongly  marked  acid 
<r  basic  character,  have  the  faculty  of  yielding  high  molecular 
complexes. 


§111.   MUTAROTAVtON* 

1.  Sag&rs.— It  has  been  found  that  when  solutions  of 
certain  optically  active  substances  arc  allowed  to  stand  for  a 
time,  they  (end  to  alter  their  specific  rotation  to  some  extent : 
this  phenomenon  has  been  termed  mntarotatwn. 

The  rale  of  change  of  rotation  was  measured  by  Urech,' 
who  found  that  the  change  of  rotation  of  grape-sugar  and  milk- 
sugar  agreed  with  the  formula  for  monomolecular  reactions  ; — 

Following  Urech,  Levy  ^  and  Trey  *  have  made  a  series 
of  investigations  of  the  effect  of  added  substances  upon  the 
velocity  with  which  the  rotation  changes,  and  their  results 
item  to  show  that  the  action  of  atids  is  profwrtional  to  their 
affinity  constants.  Bases  bring  about  a  very  great  acceleration 
of  the  cliange;  while  salts,  with  the  exception  of  sodium 
chloride,  seem  also  to  have  an  accelerating  action,  especially 
those  with  an  alkaline  reaction.  No  e\planation  of  the 
abnormal  behaviour  of  common  salt  is  as  yet  forthcoming. 
.\lcoliols,  phenol,  naphthalene,  diphenylamirie,  succinamide, 
and  acetone  were  found  to  decrease  the  rate  of  change.' 

Three   explanations  of  the    phenomenon    have    beeji   put 

*  Thii  phcDODicnon  Iuls  been  given  inany  iiamts :  liiiolaliuii,  Multi* 
nilaliuD,    Tautorcitilion,    elc.      MulacDlalion    .-ippcaiii    lo     bi:    Ihe    nii».t 

ntisCwiMy. 

■  Urccli,  ifA-.,  IS,  2133(1883);  16,  zz7o(iSS3);  IT,  1545  {[SS4)  ;  18, 
3059  (iMs). 

'  Levy,  Zat.  f/iyttkal.  CAem.,  IT,  301  (iSgs). 

'  Tiey,  Zeil.  fikyiikai.  Cktm.,  18,205(1895);  33,  43y(i8y;|;  «,  Wo 
(■Wl- 

■  UuInunbut,(.'fw//.rfMi/.,  43, 238(1856).  L(^vy,Zaf./'/iyiiJ:af.Cli>w., 
17,  JOI  \l»9S)s  Trey,  &r/. /4j-siia/.  Ckau.  28,  450  (1897). 
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forward.  Landolt  and  others  *  have  suggested  that  crystal  mol^ 
cules  are  first  formed,  which  hreak  down  slowly  into  molecules c(j 
lower  rotation.  Erdmann'^  and  Bechamp' based  their  exi>lankj 
tion  on  the  assumption  that  the  fall  in  rotation  was  due  to  ao  I 
addition  or  loss  of  water ;  and  certain  facts  appear  to  favour  tUi 
idea.  Trey"*  has  adduced  the  following  points,  which  seem  to] 
him  to  contradict  this.  First,  as  more  and  more  water  is  added 
to  an  alcoholic  solution  of  the  active  substances,  the  process 
takes  place  with  greater  and  greater  rapidity ;  second,  mutaro- 
tation  is  shown  when  pure  methyl  or  ethyl  alcohol  is  used  as 
a  solvent;  third,  the  presence  of  substances  other  than  the 
solvent  has  an  effect  on  the  rotation ;  and  lastly,  the  hydrate 
of  glucose,  whether  in  alcoholic  or  aqueous  solution^  behaves 
exactly  like  the  anhydride,  both  showing  the  phenomenon  of 
mutarotation,  which  therefore  cannot  be  caused  by  the  change 
of  one  to  the  other.  The  third  explanation  seems  to  be  the 
most  satisfactory.  It  assumes  that  mutarotating  sugars  exist 
in  several  isomeric  forms,  which  in  solution  are  gradually 
transformed  into  one  another.  This  idea  was  put  forward  by 
Erdmann/'  Dubrunfaut"  and  Bechamp.^  It  is  supported  by 
the  work  of  Tanret,**  who  found  that  Aarabinose  occurs  in  two 
modifications  while  ^/-glucose  occurs  in  three.  Tanret,'  how- 
ever, no  longer  accepts  the  idea  that  there  are  three  forms.  As 
regards  the  constitution  of  these  modifications,  van't  Hoff,  in 


'  Landolt,  Das  optische  Dichungsvcrmbgen  organischer  Substanzm  (1st 
edition),  p.  58  ;  Pribram,  Monatsh.^  9,  401  (1888)  ;  Hammerschmidt,  ^< 
Vcr.  dcut.  Zucken'nJf  40,  939  (1890).    Wyrouboff,  Compt,  n'nJ.y  116,832 

(1893). 

-  I^rdmann,  yahresUricht^  1855,  672. 

=»  Bcchanip,  Compt.  rend.,  40,  436  (1855)' ;  42,  640,  896  (1856). 

*  Trty,  Zcit.  physikaL  Chcm.^  18,  193  (1895). 

^  Krdmann,  Jahreshcricht,  1855,  672  ;  1856,639  ;  Ber.,  18,  2180(1880). 

*  Dubrunfaut,  Compt.  rend.,  42,  739  (1856). 

■  Bechanip,  Compt.  rertd.,  42,  896  (1856) ;  Bui/.  Soc.  chim.,  [3]  15,  195 
(1896). 

■  Tanret,  Compt.  rend.,  120,  1060  (1895) »  ^^^^'  ^^*  chim.,  [3]  15, 195 
(1896). 

*  7a/ire(,  BuiL  Soc.  f  Aim.  Asl  W>  3S  V^90S\  \  Z«i<»  thysikal,  CAm.,  W 
6^2  (1905). 


be  second  edition  of  his  book,  Dit  Lagerung  da-  Atamc  im 
^aume.  pointed  out  ihe  analogy  beiween  Ihe  sugars  and  ihe 
ictive  lactone-forming  acids.  From  these  considerations  it 
rould  appear  that  in  the  case  of,  say,  xylose,  of  which  two 
Dodi5cations  are  known,  one  with  the  higher  rotation  would 
R  a  cyclic  compound  of  the  structure  ; — 

■               CH,OH— CH— (CHOH)..-CH.OH 
I o  -     I 

rttle  the  second  compound  would  be  the  ordinary  one  with 
he  structure  CH.,OH— (CH.OH),— CHO.  The  recent  work 
if  Bditend  and  Roth,'  Heikel,*  Jungius,'  and  Lowry,*  should 
Uso  be  consulted.  Osaka  *  considers  that  i/glucose  must  be 
iupposed  to  l>c  a  weak  acid.  The  rate  of  dechne  in  the 
-olation  is  approximately  proportional  to  the  concentration  of 
:he  hydroxyl  ions. 

2.  Hydroxjacids  and  their  Lac  tones .° —When  a  hydroxy- 
icid  is  dissolved  in  water  and  allowed  to  stand  at  ordinary 
£ni[>eratures,  the  rotation  of  the  solution  slowly  increases,  while 
he  converse  is  found  if  a  lactone  be  dissolved  in  water.  The 
:ause  of  this  has  been  found  to  lie  in  Ihe  fact  that  equilibrium 
Is  established  in  both  solutions  between  the  acid  and  its 
lactone.  The  conversion  of  the  acid  inio  the  lactone  can  be 
hastened  by  the  addition  of  acids  ;  and  as  in  the  case  of  the 
sugars,  the  effect  of  the  acid  is  proportional  to  its  affinity 
constant;  bases  also  hasten  the  action,  their  activity  being 
proportional  lo  the  intensity  of  their  basic  chararter. 

8.  Bflten  of  ^-ketonic  and  ^-aldehydio  Acids. — In  their 
papers    on   the    above,    Lapworth    and    Hann'    have   proved 


Behiund  and  Rnth,  AnnaliH.  331,  359  (11IO+). 
Hcibd,  Annalnt,  SSS,  71  (190.1). 
Jan^iuB,  Zdt.  fkyiikal.  Chtm..  88.  <)7  (iqoj), 
Lowry,  Traas.yfi.  1314  (1903);  8a,  1551  (i(>o4(. 
Owka,  Zeil.  phynkal.  Chrm.,  35,  661  {nycti).  e.f.  C.ilicii.  /*;./.,  37,  fH» 
(I90I>. 

Hudaon,  Zai. /^yiiia/.  C*fi'.,  «,  487  (1903). 
'  ~         ThtHi.,  n,  (491  (1902). 
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conclusively  that  in  this  case  tautomeriim  is  the  cause  of  mi 
rotation  : — 

{I.)  CH,— co-cH— cooEt    (II.)  CH^c=c— cooa  1 

C,H..N,  HO    N^H. 

(III.)  CH^-CO— CBr— COOEt 
N.-QH, 
For  example,  phenylaxoaceto-ocetic-ester,  (I.),  and  (II.),  shorn 
mutarotation,  but  when  the  »  hydrogen  atom  is  replaced  bjr 
bromine,  (III-),  mutarotation  is  not  observed. 


PART  IL— STEREOISOMERISM 
WITHOUT  OPTICAL    ACTIVITY. 


CHAl'TEK    I. 


CIS-TR\NS    ISOMERISM    IN    CVCUC    COMPOUNDS. 

\    I.    THE   GENERAL    TtlEOHV  OF   THE   CONFIGURATION 
OF  SATURATED   CYCLIC  COAfFOUNDS. 

In  a  previous  chapler  it  was  mentioned  that  in  some  cyclic 
compounds  which  contain  more  than  one  asymnn-tric  carbon 
atom,  the  difference  Ijelwcen  the  two  isomeric  Torms  is  greater 
Ihan  that  observed  in  the  case  of  open-chain  substances ;  and 
this  was  attributed  to  the  ring-formation  tending  to  limit  the 
vibration  spheres  of  the  various  atoms  in  a  cyclic  compound 
to  a  greater  extent  than  is  observed  in  an  open-chain  sub- 
stance. The  difference  between  the  two  classes  of  compounds 
is  shown  to  a  marked  degree  in  certain  cases  with  which  the 
present  chapter  will  deal.  It  is  found  that  two  isomeric  com- 
pounds ran  exist,  whose  structures  are  identical  ;  while  the 
one  compound  possesses  the  property  of  undergoing  certain 
intramolecular  reactipns  which  cannot  be  produced  in  the 
second  isomer.  This  difTerence  can  be  explained  if  we  assume 
that  in  the  former  case  some  atoms  lie  near  one  anotlier,  while 
in  the  latter  case  they  are  placed  so  far  apart  in  space  as  to  be 
unable  lo  affect  each  other  chemically.  In  the  open-chain 
compounds  such  phenomena  rarely  occur,  but  in  the  cyclic 
series  they  are  common.  It  is  therefore  clear  that  the  forma- 
tion of  the  ring  has  produced  a  considerable  change  vt\  the 
'  tf  oftlM!  substaactm. 
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By  applying  llie  same  principles  as  in  the  case  of  the  con- 
figuration of  Lhe  molecule  MR,,  il  can  be  shown  ihat  the 
centres  of  the  carbon  atoms  of  a  carbocyclic  compound  lie 
one  plane,  since  this  arrangement  would  produce  the  least 
deviation  from  the  nonnal  positions  of  equilibrium  of  the 
atoms. 

The  case  is  not  altered  if  an  oxygen  or  other  atom  be  intro- 
duced instead  of  one  of  the  carbon  atoms,  as  in  the  case  of 
ethylene  oxide  :^ 

1       ^ 

Now,  if  we  consider  the  case  of  irimethylene,  it  is  evident 
that  the  atoms  are  grouped  in  three  sets,  each  in  a  diflerent 
plane,  and  all  three  planes  being  parallel  to  each  other.  The 
carbon  atoms  lie  in  one  plane,  while  on  either  side  of  this  lies 
a  plane  containing  three  hydrogen  atoms  : — 


//  would  be  clumsy  to  use  tb«  lelTa\»eAion  q\  Vte 
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a  symbol  in  every  case;  to  avoid  this,  therefore,  iormula;  are 
used  which  express  the  same  idea  : — 


H(a) 


The  three  hydrogen  atoms  marked  (a)  are  supposed  to  lie 
above  the  plane  of  the  ring,  while  the  other  three  lie  beneath  it. 
When  we  come  to  the  question  of  substitution,  it  is  evident 
that  we  are  now  dealing  with  a  case  very  different  from  that  of 
an  open-chsLin  compound.  If  we  consider  the  case  of  a/3- 
di-chloro-propane,  for  instance,  we  may  write  it  either  as  (I.) 
or  as  (II.)  :— 

H    CI   H  H    CI    CI 

III  III 

H— C— C— C— H  H-  C-  C— C— H 


H    H    CI  H    H    H 

(I.)  (II.) 

There  is  no  difference  between  the  two  substances,  as  (I.) 
may  be  converted  into  (II.)  by  a  mere  rotation  of  the  right- 
hand  carbon  atom.  When  we  come  to  deal  with  a  cyclic 
compound,  however,  the  case  is  altered ;  for  here  rotation 
cannot  take  place  without  disturbing  the  whole  equilibrium  of 
the  ring.  But  since  the  atoms  of  the  cyclic  molecule  are 
supposed  to  be  in  the  most  stable  positions,  such  a  disturbance 
would  need  to  be  so  violent  that,  except  in  extreme  cases,  the 
molecule  would  be  disrupted  by  it. 

In  a  cyclic  compound,  therefore,  we  can  foresee  two  sub- 
stitution products  which  will  be  structurally  identical  while 
differing  in  the  space  arrangements  of  the  atoms  in  the  mole- 
cule. But  this  will  not  occur  in  all  cases ;  for  the  two  com- 
pounds  shown  below,  though  at  first  sight  different,  ate  leaW^ 
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the  same,  as  can  be  seen  by  turning  one  upside  do\ 
will  be  found  to  be  identical  with  the  other. 


i 


3  of  Ibe  siia(i;il 
case  nf  a  di-substituted  compound  :  — 


I 

H  /x\  X 


In  the  above  figures  there  is  no  possibility  of  making  the 
first  coincide  with  the-  second  by  any  turning  of  the  paper.  f<» 
in  the  first  case  the  two  X  groups  lie  in  different  planes,  n-hOe 
in  the  second  they  are  in  the  same  plane..  Partially  unsaturated 
rings  also  are  capable  of  giving  rise  to  the  same  kind  k 
isomerism. 

In  order  to  distinguish  one  isomer  from  Ihe  other,  lh< 
following  nomenclature  is  usually  adopted.  When  the  tm 
substiluenls  lie  in  the  same  plane  ihcy  are  said  to  be  i 
the  ds-ppsilion  to  one  another  ;  when  ihey  lie  in  difTeretlj 
planes  they  are  said  lo  be  in  the  Irans-pesitlen  to  i 
other. 

Il  will  be  convenient  (o  deal  at  this  point  wilh  the  configuif 
lioiw  of  di-cyclic  compounds,    Thetc  are  tt^iee  ds*S  t 


7 
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/. 


I.  Sysftms  having  One  Atom  in  Common. 
Mvo  rings  lie  at  right  angles  to  one  another  :- 


In  this  case  the 


2.  Systems  having  Two  Atoms  in  Common. — Here  there  are 
two  possible  cases ;  for  the  two  rings  may  either  meet  at  an 
angle,  or  cross  one  another  : — 


^V 


/' 


S: 


Y— </ 


c  c       c 
c — c 


3.  Systems  fuiving  moie  than  Two  Atoms  in  Common. — 
Here  again  there  are  two  possibilities,  for  just  as  in  the  last 
case,  the  second  ring  may  be  joined  to  two  affinities  lying  on 
the  same  side  of  the  carbon  ring,  or  to  two  on  opposite  sides. 


As 


It  is  apparent  that  the  "  crossed  "  rings  will  only  be  stable 
in  very  exceptional  circumstances,  as  their  formation  will  divert 
the  atoms  very  far  from  their  most  stable  positions. 
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§    It.    [DIFFERENCES    IN    THE    COXFIGL'RAT/ONS 
PRODUCED    BY   SUBSTITUTIOX. 

The  case  in  which  substitution  in  a  saturated  cyclic  com> 
{xtund  gives  rise  lo  an  asymmetric  carbon  atom  has  alrendj 
been  dealt  with ;  in  the  present  section  another  type  of 
asymmetry  will  be  described.  If  we  have  a  ring  corapoumi 
such  as  letra methylene,  it  is  obvious  that  the  introduction  of 
a  single  substituent  will  not  produce  real  asymmetry  ;  but  jf 
inlci  this  mono -substituted  product  we  introduce  a  second 
substituent,  asymmetry  might  be  created.  Now,  the  intro- 
duction of  this  second  substituent  may  take  place  in  either  of 
two  ways:  either  the  resulting  compound  is  symmetrically 
substituted,  or  it  is  not.  Since  these  cases  differ  to  a  con- 
siderable extent  from  one  another,  it  will  be  well  to  deal 
with  them  in  turn.  \Ve  shall  deal  first  with  symmetrical 
substitution. 

If  we  lake  any  cyclic  compound,  such  as  (etramethylene. 
and  introduce  a  single  substituent  into  it,  the  molecule  becomes 
unsymmetrical  (I.);  and  in  order  to  restore  symmetry,  a  second 
substituent  must  be  introduced  in  such  a  way  that  the  tine 
joining  the  two  substiluents  becomes  a  line  of  symmetry  of  the 
molecule  (II.).  Of  course,  at  present  we  are  dealing  only  with' 
itriKtural  symmetry. 


CHa          CHR 

,.CH 
CHR     ^CHR 

\cHr 

(1.) 

(11.) 

Here  there  is  no  possibility  of  a  structurally  asymmeiricJ 
carbon  atom  being  formed  ;   but,  as  we  have  already  sbowi^ 
there   is   another   form    of  isomerism    which   may    make    its! 
appearance    at    this    stage.     The  case  of  the  hexahydro-tere- 1 
phlhalic  acids  furnishes  the  best  example.     It  has  been  treaie 
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by    von    Baeyer,'   Ironi    whose    paper    the    next  paragraph   is 
quoted. 

■  H  H 

I  I 

COOHX Cv.        COOH 

c^i  H       H  4  ;c 

|\  H6       5H    >  I 

I 


H  H 

(I.) 


OOH 


(II.) 

"  Suppose  that  the  body  of  an  observer  lies  in  the  plane  of 
the  ring  (Formula  I.)  his  feet  being  at  (i),  his  head  at  (2),  and 
his  face  turned  away  from  the  centre  of  the  ring.  If  he  now 
swims  along  the  ring  until  his  head  reaches  (4),  he  will  see  the 
carboxyl  group  above  him  to  his  left  hand,  the  H  (4)  atom 
being  to  his  right.  If,  on  the  other  hand,  he  had  left  the 
carbon  atom  (i)  in  the  opposite  direction,  but  in  the  same 
position — his  feet  at  (i)  and  his  head  at  (6),  while  his  face  was 
again  turned  away  from  the  centre  of  the  ring — he  would 
perceive,  on  arriving  at  (4),  that  the  carboxyl  was  on  his  right, 
and  H  (4)  on  his  left,  that  is  to  say,  the  reverse  of  the  last 
appearance.  From  this  it  follows  that  the  two  affinities  of  the 
carbon  atom  (i),  which  serve  to  form  part  of  the  ring,  are  not 
similarly   bound;    and    therefore    the    carbon    atom    (i)    is 


^  Baeyer,  Annalen,  245,  128  (1888). 
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asymmetric.  The  same  K-lations  holii  good  if  one  sets  ( 
from  the  carbon  atom  (4)  eilher  to  right  or  left  toward  (l| 
Formula  ( I.),  therefori;,  contains  two  asymmetric  curbon  atomi 
(i)  and  (4).     The  same  is  true  for  Formula  (II.)" 

Of  course,  this  is  really  a  special  case  of  pseudo-asymmetry  j 
but  here  the  asy  in  me  tries  of  the  two  carbon  atoms  are 
dependent,  for  if  the  carboxyl  grou[i  attacheil  to  one  catboit 
atom  be  replaced  by  hydrogen,  the  asymmetry  of  both  carbon 
atoms  is  destroyed.     t)n  this  account,  von  Baeyer  gave  to  such 

s  the  designation  Hdalive  Asyiiimclry. 

The  number  of  relatively  asymmetric  carbon  atoms  i 
cyclic  molecule  can  be  increased  by  the  further  symmetrical 
introduction  of  substituents.  For  instance,  in  Formula  (I.) 
below,  there  are  three  relatively  asymmetric  carbon  atoms 
and  Formula  (II.)  contains  four  of  them  : — 


COOH 


COOH 

C,  COOH/ 

COOHr/  I  \     COOH  I  X 


I 


I 


H 


(1) 


COOH/ 

I 

H 
(II.) 

c  carbon  au 


s  gives 


Smce  each  i>air  of  relatively  asyi 
rise  lo  two  isomers,  the  number  of  [lossible  isomers  \a  any 
case  is  equal  to  the  «"'  iwwer  of  3,  where  «  is  the  integral  pcuC 
of  the  number  produced  by  halving  the  number  of  relatively 
asymmetric  carbon  atoms  in  the  com[>ound.  For  instance 
where  there  are  four  relatively  asymmetric  carbon  atoms  : — 

3  =  a  j  therefore  number  of  isomers  is  2'  =  4 

Where  there  are  seven  relatively  asymmetric  carbon  atoms : — 

J  =  jj  ;  therefore  nunibct  of  isomcts  \a  1'  =  & 
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The  following  table  gives  the  number  of  isomers  for  com- 
pounds containing  from  one  to  eight  relatively  asymmetric 
carbon  atoms  : — 


i 


Relatively 

Number  of 

asymmetric 
carbon  atoms. 

possible 
isomers. 

2 

2 

3 

2 

4 

4 

5 
6 

4 

8 

7 
8 

8 
16 

To  simplify  the  representation  of  these  isomers,  Aschan's 
method,  already  described,  may  be  used.* 

In  its  main  lines,  the  case  of  unsymmetrical  substitution 
does  not  differ  from  that  of  symmetrical  substitution. 


CH.,-CHR 

I 
CHa— CHR 

(I.) 


C^Ho — CxH  .  R 


R .  CH  — CH, 
(II.) 


The  compound  (I.)  will  exist  in  the  two  forms  shown  below, 

I  • 

[     just  as  the  symmetrically  substituted  one  (II.)  does. 


H 


di 


•CH„ 


/  I    H 
R     1/ 

R 


The  case  is  more  complicated  than  the  previous  one,  however, 
for  in  this  compound  two  of  the  carbon  atoms  are  structurally 
asymmetric,  instead  of  being  pseudo-asymmetric.     This  can  be 


See  p.  TJ. 


An  exanii nation  of  tht;  Iniit  two  formula  sliows  that  th^ 
represent  a  type  of  cumpuunJ  similar  to  the  tartaric  acid) 
the  formula  (I.)  huiiig  the  meso-form,  while  the  other  represeutl 
one  of  the  active  isomers.  If  the  two  radicals  R  be  differeal 
there  will  be  two  active  cis-forms  which  will  be  optic^ 
antipodei!.  I'he  number  of  postsible  isomers  may  in  thel 
cases  be  reckotied  by  the  usual  method  for  com[H]unds  will 
true  asymmetric  carbon  atoms. 


5  HI.    THE    DETERMINATION    OF  THE   CONFIG USATloS^ 

OF  CIS-THAKS  ISOMERS. 

if,  in  a  molecule,  we  have  two  radicals  capable  of  reactini 
upon  one  another,  it  is  clear  that  [lie  ease  with  which  I 
intramolecular  reaction  takes  place  depends  to  a  great  e 
upon  the  actual  distances  between  the  two  radicals  concerned] 
far  two  atoms  which  are  near  together  are  more  likely  to  comsl 
within  each  other's  radius  of  action  than  they  would  were  ihqr  I 
far  apart. 

If  we  now  consider  the  case  of  a  cyclic  compound  whicbj 
is  capable  of  giving  rise  to  cis-lrans  isomerism,  it  is  evideot  | 
that  intramolecular  reactions  will  take  place  more  readily  n 
the  reacting  groups  are  in  the  cis-^X)sition  to  one  another  tl 
when  they  are  In  the  trans-position;  and  in  some  cases  it  nut^ 
be  easy  to  produce  a  reaction  in  the  cis  compound  which  i 
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iiiip.issible    in   tlie   case  of  the  trans-isomer.      For  example, 
i.jiiiphoric  acid  esists  In  two  forms  :    that  corresponding  to 
hormiila  (I.)  yields  an  anhydride,  the  other  (II.)  gives  the 
I  same  anhydride,  l»ut  only  with  much  greater  difficulty,' 


,COOII 


COOH  H   I 

C{CH,),  C(C[I,), 


-CH, 


I/" 


C- CII, 

COOH'  COOH 

(I.)  (II.) 

That  this  phenomenon  is  due  to  the  comp,iralive  rigidity 
introduced  into  the  molecule  hy  the  cyclic  structure  can  be 
shown  by  comparing  the  above  case  with  that  of  the  diphenyl- 
succinic  acids,  where  the  radical  — CH^ — CH^ —  is  replaced 
by  two  phenyl  groups.  Here  it  is  Found  ihal  two  isomeric 
anhydrides  ure  formed  which  can  easily  be  converted  into  one 
another.' 


/C-C.H, 
COOH      H 

ken. 

.COOH 
,C— C,H. 
fl      H 
_^C-C,H. 
COOH 

COOH 

In  the  case  of  cyclic  compounds,  the  change  of  one 
anhydride  into  another  is  confined  to  a  very  few  instances  ;  f.,?. 
ttie  hexahydro-phlhalic  anhydrides,^  and  the  anhydrides  of  the 
two  stereo- isomeric  pentaniethylene-i,3-dicarboxylic  acids.' 


'  AH^han,  flfr.,  27,  2001  (1894). 

*  Tillnuui,  ^nuaieti.  iii.  go  {t&go)'.  Anschiit 
».  6t  (1890). 

'  Wcmrr  md  Connul,  Hfr.,  32,  3046  [  1899), 

•  Peikin,  Tratu..  01.  jSj  (1894). 

wr.a 
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It  will  not  be  necessary  to  enter  into  many  details  as  to  I 
application  of  this  method  of  configuration  determination :  fi 
example  will  suffice.  It  is  found  that  there  are  two  stereo 
isomeric  hexahyilro-tere[ihtbalic  acids,  one  of  which  easilj 
gives  an  anhydride,  while  the  other  will  not  give  any.  This  \i 
attributed  to  the  fact  thai  in  the  one  case  the  carboxyl  groups 
lie  on  the  same  side  of  the  ring,  while  in  the  second  compound 
they  are  in  the  trans- position  to  one  another. 


I 


COOH                    COOH 
^      CH.-CH.^^ 

1  \CH,^CH.      1 
H                              H 

COOH                     H 
|^CH,-CH.x^ 

11                               COOH 

(lives  anhydriile. 

(.lives  no  aiiliydrMe. 

The  non-formation  of  an  anhydride  in  the  case  of  the  trans- 
acid  is  very  noteworthy,  as  it  is  not  an  uncommon  thing  la 
find  intramolecular  ring-formal  ion  between  the  para-positions, 
as,  for  instance,  in  the  case  of  the  conversion  of  cis-terpin  int9 
cineol.' 

CH,  It  ,CH, 


H  y>-.H,i  II  A 

^~-C— CH.  y-         c^i 

(jHa     CHj^OH  CH,    CH^  I 

II  J.  I 

CH,     CH,  CHi  ni,. 


.H,     fTH,  CHi 

^C^ OH  ^C^ 

/ 

CH,  Cis-letpin  CH,         CinH.l 

It  has  already  been  stated  that  cis-trans  isomers  contaitring 
two  structurally  similar  carbon  atoms  which  are  also  truly 
asymmetric,  can  be  distinguished  from  one  another  by  thdr 
different  effects  upon  tlie  plane  of  polarization ;  for  the  trans' 
compound  will  correspond  to  a  raremic  substance,  while  the 
cis-isomer  will  be  similar  to  an  intramolecularly  compensatt 


yil'mj.  Tills  has  lieen  proved  by  Werner  and  Conrad'  for 
ihe  case  of  ihe  hexahydro  jihthalic  acids:  they  resolved  the 
iransMrompoimd,  but  failed  to  obtain  an  active  fomi  of  the 


COOH   COOH  COOH    H 

I  I  I I 

QH,    H  H     CH,  ^hT    H         COOH^CH, 


CH,    CH, 

Cis-com[muiMl   cot  re- 
spond mg      lO     itlE 

COOH   Cc)OH 

I  I     . 

X— C C  -  X 


CH,     CH« 


coTrMpondinc  to 
the  aclive  lorm. 
COOH   H 


H 


H 


H 


OH 


The  r 


!  obtained  in  this  way  agreed  with  those  deduced 
from  anhydride  formation;   the  substance  having  the  higher 
melting-point  being  designated  as  the  trans'isonier  by  both 
[  methods. 

When  no  intramolecular  ring  rormation  can  be  brought 
'  ahom  in  two  isomers,  the  configuration  cannot  be  determined 
my  certain!)  ,  but  a  very  probable  surmise  may  be  made 
'rom  tht  eMilence  furnished  by  the  melting-points  of  the  two 
oitieric  compounds  In  general,  it  has  been  observed  that 
Ihe  trans  compound  has  i  higher  melling-poini  than  the  cis- 
ibomir,  so  thai  where  the  configuration  is  doubtful,  this  test 
nwy  be  applied  loo  much  reliauLe  cannot  be  placed  upon 
II,  however,  for  cases  are  known  in  which  the  cis-compound 
has  ihe  higher  melting-point  of  the  two. 

In  a  few  isolated  cases  it  is  possible  to  synthesise  two 
new  stereoisomeric  substances  from  two  stereoisomers  whose 
configurations  have  already  been  determined ;  and  in  this  way 


'  WtfOeraad  Cannti,  / 


..«.  3046(1899), 


I 
I 

I 


the  configurations  of  the  new  isomers  may  be  deduced,  if  wt 
assume  that  no  chaiige  in  configumtion  has  been  brought  ahoa 
during  the  reactions  which  lead  from  the  first  pair  of  con 
pounds  to  the  others.  For  example,  we  have  already  mat 
tioned  thai  cincol  (II.)  may  be  obtained  from  the  compound 
cisi-tcrpin  (!.),  which  has  a  similar  configiir.ilion.  Now,  whe) 
cineol  is  Irealed  with  hydrohromic  acid,  under  conditioni 
which  do  not  encourage  transmutation,  it  is  converted  inU 
a  bromohydrin  whose  configuration  must  lie  represented  bfl 
(111.) ;  this  bromohydrin  is  converted  almost  immediately  inM) 
the  di-hydrobromide  (IV.),  which  also  must  have  the  cis-  con- 
figuration. We  have  thus  been  able  to  deduce  the  ronfigur»- 
tion  of  this  final  product  from  our  knowledge  of  the  configuration 
of  the  original  cis-lerpin. 


CH, 


>- 


CH, 


CH,  OH 
<^(CHJ. 


J,HBr 


/^x      "" 

/K         Br 

H,C         CH, 

HB,        H,C         CH, 

h/       .CH,  Rr 

^t i(CHJ, 

yC C(CHJ, 

(III.)  (IV.) 

When  a  symmetrical  compound  is  converted  inig  a  k 
symmetrical  one,  the  number  of  possible  cis-trans  isomers 
increased;    and    from    the    re\Uton%  bW«fte.Tv    ite    ori^ 
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compounds  and  their  products  it  is  possible  to  gain  some  insight 
into  the  configurations  of  the  former  substances. 

Wislicenus*  was  able  to  determine  in  this  way  the  con- 
figurations of  the  two  stereoisomeric  2,5-dimethyl-cyclopentane 
dicarboxylic  acids.  The  two  isomers  which  were  synthesised 
had  configurations  corresponding  to  the  formulae  : — 


CH3  CHj — CHg  CHj 

I   ' 
C 


COOH  X 


H 


CH,  CH,— CH,  H 
C.      COOH  C 


CH, 


COOH 

Cis-dimethyl  acid. 


COOH 

Trans-dimethyl  acid. 


Now,  when  one  carboxyl  group  is  split  off  from  each  acid,  three 
forms  in  all  are  possible  for  the  new  mono-carboxylic  acid  : — 


CH3    CH2— CHa     CH3        CH3    CH,— CH,    CH, 


(I.) 


CH3    CH,— CH,    H 


COOH     C 


Inspection  will  show  that  the  acids  (I.)  and  (H.)  are  derivatives 
of  the  cis-dimethyl  acid,  while  (HI.)  can  be  produced  from 


'  Wisl/cenus,  Bcr.,  34,  2565  (1901). 
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the  trans  i>onicr.  It  was  shown  by  Wisliccniis  that  the  facts 
agree  with  the  tlieory ;  for  one  of  the  dicarboxylic  acids 
(M.P.  192-194°  C.)  yields  on  heating  a  mixture  of  two  acids 
(M.P.  75-77°  and  26-30'  C).  It  is  therefore  the  cis-dimethyl 
acid.  The  other  dicarboxylic  acid  (M.P.  204-205°  C)  yields 
when  heated  only  one  acid  (M.P.  49*5°  C).  It  is  therefore 
the  trans-dimethyl  dicarboxylic  acid. 

A  similar  principle  was  used  in  an  attempt  to  determine 
the  configuration  of  the  trithioaldehydes/  but  it  was  not  suc- 
cessful owing  probably  to  the  chemical  nature  of  the  groups 
involved. 


§  IV.  THE  PROPERTIES  OF  CIS- TRANS  STEREOISOMERS. 

1.  Physical  Properties.— It  appears  that  though  in  the 
greater  number  of  the  cases  known  the  trans-isomer  has  the 
higher  melting-point  of  the  two,  yet  there  is  a  series  of  excep- 
tions to  this  rule  which  deserves  consideration.  The  following 
table  will  be  sufficient  to  serve  the  present  purpose : — 


Name. 


Trimethylcne-l,2-dicarl)Oxylic  acid     . 
Triincthylene-l,2,3-tricarboxylic  acid 
'i'rimcthy lene- 1 , 1 ,2,3-tetracarl>oxy lie  acid 
*Tetrainethylene-l,2-dicarboxyHc  acid 
Telramelhy lene- 1 , 3-dicarboxylic  acid 
Pentainelhylenc-l,2-<licarboxylic  acid 
*I'entamethylene- 1, 3-dicarboxylic  acid 

H  cxahydroph  thai  ic  acid 

*Hexahydr<i-isi)phtbalic  acid 
iIexahydro-terc|>htbaIic  acid 
*  Camphoric  acid 


Cis-. 


139°  c. 

I 50- > 53° 
95-100® 

137-138° 

135-136° 
140*^ 

120-121'^ 
ig2° 

161-163° 
161-162'' 

187° 


Trans-. 


175°  c. 

220° 

191-19*** 

131°  o 

159-100 

118-1^0 
171-172 


An  examination  of  the  figures  shows  that  those  trans»-foriT)^ 
(marked  with  an  asterisk  in  the  table),  which  have  a  lower 
melting-point  tlian  the  isomeric  cis-forms,  have  the  carboxyi 
groups  in  the  i  ,3-position  to  one  another.     Now,  on  comparing 


Haumaim,  Bcr,^  ^,  \Ap.\  V>^^v\, 


the  melting-points  of  open-chain  dicarboxylic  acids,  we  fiiii 
that  acids  conlaining  an  itiuven  number  of  carljon  atoms  hav 
IwCT  melting-points  than  those  with  a  carbon  atom  more  o 


(COOH), Oxalic  acid 


CH^COOH), 
(CH.COOH).,  .  .  . 
CH,(CH,COOH),  .  . 
(CH,CH,COOH),,  .  . 
CH^CH.CH,COOH), 
(CH,CH,CH,COOH), 


Malontc  acid  . 

Succinic  acid  . 

Glularic  acid  . 
Adipic  acid 

Pimelic  acic  . 

Suberic  acid  . 


106" 


L  havi 


It  will  be  iiliown  later  that  some  open-chain  dicarboxylic  acids 
probably  exist  in  the  trans-form,'  so  ihat  there  appears  to  be 
Wme  connection  between  the  cases  given  in  the  two  tables. 
This  idea  was  pot  forward  by  Werner.'  His  interpretation, 
however,  is  not  very  convincing,  for  the  same  alternate  rise 
»nd  fall  in  melting-iminl  is  shown  by  the  monobasic  fatty  acids, 
in  whose  case  no  space  considerations  seem  called  for. 

With    very  few  exceptions    it  apjiears  that  those  isomers 
having  the  higher  melting-point  are  the  less  soluble  of  the  two. 

A'-'letrahydrophthalic  acid — 

M.P.  ais^-iiS"  C.  sol.  in  6i)o  pans  H,()  at    6'  C. 
M.P.  174''  C.      „       J08 

A"-Dihydrophthalic  acid— 


M.P.  310°  C  sol.  i 

M,P.  I73-I75°<-".      .. 


no  parts  H./.)  at  lo"*  (1 


The  specific  gravity  and  crystalline  form  appear  to  be 
different  in  the  case  of  each  isomer. 

As  might  be  anlidpuled,  the  cis-com|iounds  usually  have 
a  higher  affinity  constant  than  the  trans-isomers.'^  They  are 
Iheceforc  stronger  acids.     An  exception  is  to  be  found  in  the 

•  S«SKlioi.  II,,Clui|i.  IV. 

'  Werna.  Lthrhuth  Jtr  Sl^rtBchimir,  p.  17J. 

' aait tad Upmtk^^  TrvHi.,  81,  l^yS^I^OJt. 
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e  of  the  1,2-hexahydrophlhalic  acids,  where  the  tnuisfotni 
has  the  greater  affinity  constant  :— 

Cis-form     o'oo44  Ttans-form     o'oo62 

Stohmann  and  Kleber '  have  found  that  the  heats  of  com- 
bustion of  one  gramme-niolecule  of  the  cis-  and  trans'forms  of 
hexahydrotere|)hlha!ic  acid  ditTer  but  slightly  from  each 
other : — 

Cis-acid    9286  cal.  Trans-acid     g^y's  cal. 

8.  Chemical  Properties.^-Dilfetences  in  chemical  proper- 
ties between  ihe  two  isomers  are  very  strongly  marked  in  case 
of  intramolecular  reactions  such  as  anhydride  or  lactone  for- 
mation. These  have  already  been  described.  A  somewhat 
similar  difference  has  been  noticed  in  the  esteriti cation  of 
hydiomellitic  and  iso-hydromellitic  acids  :^ 


COOH 


COOH 


C 


|\  COOH    COOH 


1\  COOH 
H\| 


i/H 


COOH 

'H 
^COOH 

h\i 


H  H 

HyilromcUillc  acid, 

COOK         COOH 

I  I 

^^  COOH 


p. 


In  the  c 
groups ( 


COOH 
Isutiydiomcllitic  acid, 

se  of  the  normal  compound,  which  has  oil  its  carboxyl 
I  the  same  side  of  ihe  ring,  no  ester  is  formed  under 

n  and  Kteb«r,  7.  fr.  CAcm-.V^^Vb,  a;«>sV.v%i^V 


■  ;-rf^.-i.\s  isoAfiCRis.v  ix  cyclic  compoisds 

cunditioiis  allowing  the  cstcrification  of  one  carboxyl  group 
in  ihe  iso-acJd,  which  is  supposed  lo  have  that  carboxy- 
group  on  the  other  side  of  Ihe  ring  from  the  reoiaining  five. 
Differences  have  also  been  observed  in  the  capacity  of  the  two 
isomers  to  form  addition  compounds  with  solvents. 


JV.   THE    TRANSMUTATION  OF  CIS-TRANS  ISOMERS. 

Some  isomers,  on  simple  heating,  are  converted  into  the 
(rther  form  :  e.g.  cy elope n tan e-i  ,3-dicarboxylic  acid.' 

Sometimes  when  subslilution  takes  place  in  a  cyclic  com- 
pound the  resulting  product  is  a  mixture  of  two  isomers ;  so 
ihst  part  of  the  original  compound  is  converted  into  the  slereo- 
Mmeric  type.  For  example,  the  action  of  aniline  upon 
iimonene  a-n  it  rose -chloride  lakes  place  according  to  the  equa- 
tion below  ; " — 

NOH 

/    A     A 

C,H..NH     CH,— CH,    C.H. 


NOH 


H.    C CH,     H 

A  /\ 

CI    CH^CH,    C.H 


QH..NH     CH,— CH,     H 

^   A      A 

CH,    C CH,    C,H. 

I 
NOH 


Similar  phenomena  of  transmutation  are  observed  when 
tnuishexahydro-terephthalic    acid   is    brominated,   the    result 


FotpiicbiJI,  Brr..  31,  1951  (1S9S). 
~l!AcA,  jinuiaiat,  SM,  113  (1889). 


I 
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being  a  mixture  of  the  cis-  and  transforms  of  dibromo-hexa 
hydro-len;|ththa!ic  acid.'  The  reverse  process,  reduction  fl 
tile  cis- or  trans-dihroiiio-coinpound  produces  a  mixture  oflh 
cis-  and  irans-hexahydro-terephthalic  acids.- 

Bases  and  acids  have  in  some  cases  the  power  of  Uxn- 
muling  the  one  isomeric  form  into  the  other.  Fusion  » 
caustic  potash  changes  jS-truxillic  acid  into  the  S-form;'  Ixvo- 
cfgonine  on  boiling  with  potassium  hydroxide  yields  dexiro- 
ermmine.'  When  healed  with  mineral  acids  the  cis-formsof 
the  following  acids  are  converted  into  the  Irans-isomcrs :  the 
tetramelhylene  dicarboxyhe  acids;'  pe nta methyl ene'i,3-dicai- 
boxylic  acids ; "  and  hexahydromellitJc  acid.' 

In  some  cases,  transmutation  lakes  place  in  presence  of 
acetyl  chloride  or  halogens  ;  (.g.  a  trithio-acctaldehydc  i» 
changed  into  the  ^'Variety  by  a  trace  of  iodine." 

Some  isomers  can  be  transmuted  into  the  other  form  bf 
using  the  formation  of  an  intermediate  compound  as  a  step 
in  the  process.  For  instance,  a  Irans-dicarboxyllc  acid  c 
be  converted  into  a  cis-anhydridcj  and  this  in  turn  into  tbC 
cis-acid. 

The  action  of  aqueous  solutions  of  acids  at  high  tem^ 
peratures  in  sealed  tubes  has  been  studied  sufficiently  to  enable 
us  to  draw  certain  conclusions  with  regard  to  various  dicar- 
boxylic  acids  of  the  alicyclic  series.  It  is  found  that  s 
isomeric  i ,2-dicarboxylic  acids  have  different  stabilities 
t'i)(-form,  being  the  less  stable,  is  converted  into  the  Irans-foim. 
The  stereo-isomcric  i  ,3-d icarboxy lie  acids  appear  to  be  almost 
eijually  stable  when  heated  with  acids  in  sealed  tubes.  From 
the  behaviour  of  the  hexahydro-lerephthalic  ucids  it  may  h\ 
I'onckidcd  that  ihey  resemble  the  i,z-acids. 

.  ANHilrH,  9U,  103  I1S88). 


'  J.iebcrniann,  /Ser.,  2S,  1250  (l8&ij|. 

*  iiinhorii  ami  Macqualilt,  Bi>:,  23,  4&),  9J1;  (1S90). 

'  Petkin,  y'fOHj.,  BS.  585  {iS()4). 
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By  a  combination  of  the  methods  mentioned  above,  it  is 
possible  to  pass  from  one  isomer  to  the  other  and  back  to  the 
original  one  again.  The  case  of  the  hexahydro-phthalic  acids 
furnishes  a  good  example  of  this  cyclic  process : — 

Cis-hexhydrophthalic  acid  dl-  Trans-hexahydrophthalic  acid 

(M.P.  215°C.).  :i  (M.r.  215OC.). 

\  Heating  with  HCl  f 

CH.COCl  I  HaO  I  H2O 

V     .  Long  heating  V 

Cis-anhydride  ^  ,  <//- Trans -anhydride 

(M.P.  32°  C).  (M.r.  140°  C). 


CHAPTER    II. 

GEOMtTKlCAL   ISUMHUISM   IN  THE  tTHVLKNE  SERIES.' 

5  I,  jnsTORICAL. 
In  ctttaiii  organic  derivalives  of  llie  ethylene  seri 
isomerism  has  been  observed  which  is  due  neither  to  slnictural 
diflerences  nor  to  the  presence  of  asymmetric  carbon  atoms  ia 
the  compounds.  Both  I.c  Bel  and  van't  Hoff  came  to  the  coDf 
elusion  that  the  origin  of  this  isomerism  must  be  sought  in  the 
arrangement  of  atoms  in  space;  and  with  but  few  exceptioot 
the  facts  known  to  us  to-day  are  capable  of  explanation  on  the 
lines  indicated  by  them.  In  1881,  van't  Hoff,  in  his  AnsuMdk 
iiber  die  Or^anische  CluinU,  called  altenlion  lo  tlie  probabilit] 
that  the  formation  of  anhydrides  from  dibasic  acids,  such  S 
phthalic  and  maleic,  depended  upon  the  proximity  to  1 
another  of  the  two  carboxyl  groups  concerned  in  the  reactioo 
and  a  year  later  l.e  Bel,'  from  a  study  of  the  oxidation  a 
fumaric  and  maleic  acids,  not  only  came  lo  a  simila 
elusion,  but  also  indicated  the  relative  positions  in  spao 
occupied  by  the  carboxyl  groups  in  these  two  acids.  By  ll 
year  1887  the  subject  was  so  far  advanced  that  VVisIicenuS 
published  a  paper  entitled,  The  Sfucial  Anangemcnl  of  Atom 


*  Though  some  nuthuis  have  qe«1    ibe   I 
!□  denote  any  fono  of  sleiMiuoDierL'Hn,  it  seems  preferable  lo  conliDe  it  ■• 
ihul  lypc  of  siereoisomerisni  in  which  the  atoms  chidly  cooccrDed  Ik  i 
one  plane.     The  bcM  tecomnicndatiun  for  this  ntiplicalion  hes  in  ihe 
with   which  isomers  of  the  ethylene  type  are  ili&liiigui^ed   fiom  ■ 
Isomers  :  one  wuiil  heinj;  tuHicient  iiiitentl  uf  a  jihraAe. 

'  Lc  Del,  Bull.  Soc.  lAim.,  [i\  17.  300  (iSSx). 

'  Wisliccnus,   AiAanJL  <i.    JCoHigl.  iititiiiitu   Otsillni.,  14,  Na  I 
(11187}. 
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in  Oiypmii  AfalauUs  and  Us  Dcterminnlion  in  Gcomtlricaliy 
Isi'mmc  Unsaturated  Compound!:,  in  which  he  developed  the 
theory  of  this  type  of  isomerism,  and  put  forward  ii  hypothesis 
to  account  for  the  transmutation  of  one  isomer  into  another. 
The  results  of  the  work  done  since  that  time  have  now  to  be 
coasidcred. 


\ 


THE   GENERAL   CHARACTER   OF  ETHYLENE 
ISOMERS. 


in  order  that  geometrical  isomerism  may  be  shown  in  any 
compound,  two  conditions  must  be  fulfilled  :  first,  the  molecule 
must  contain  a  double  bond  between  two  of  its  carbon  atoms  ; 
second,  the  two  monovalent  radicals  attached  to  each  of  these 
carbon  atoms  must  not  be  the  same.  The  following  formula 
expresses  these  two  conditions,  where  a  is  different  from  b  and 

r 

^^Vbe  presence  of  the  double  bond  is  proved  to  be  necessary 
^ttie  fact  that,  when  two  stereoisomers  are  reduced,  the  same 
end-product  is  formed  from  both  ;  e^.  maleic  and  fumaric  acids 
both  yield  the  same  succinic  acid.  The  necessity  of  complying 
with  the  second  condition  is  shown  by  the  fact  that  compounds 
of  the  type : — 


C:C: 


V 


^. 


I 

IVnot  occur  in  two  siereoisomeric  forms. 

From  the  fact  that  in  any  compound,  CR,R,R,R„  optical 
activity  was  found  when  the  molecule  was  asymmeWic  (i.e.  -Khew 
Rtf  Jft>  -^  ^  **^  ^^^  different  from  one  another"),  it  was  al  o'!\t 
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time  supposed  llial  a  similar  aciivily  might  lie  expetted  in 
case  of  molecules  of  the  type  :— 


where  asymmetr}'  ulso  occurs,  though  it  is  of  a  different  clan 
In  order  to  test  this  idea,  I.e  Bel '  carried  out  a  scries  of  «- 
perimeiits  in  which  he  endeavoured  to  isolate  active  forms  of 
allyl  alcohol,  u-crotonic  acid,  fiimaric,  maleic,  citraconic,  and 
mesaoonic  acids.  Similar  researches  were  made  by  Anschiat;t' 
and  Walden.^  All  were  unsuccessful,  and  to-day  it  is  coi 
eluded  that  optical  activity  is  not  occasioned  in  ethyler 
isomers  unless  the  compounds  in  question  contain  asymmetric 
carbon  atoms  of  the  usual  type. 

There  is  no  enantiomorphism  shown  in  the  crystalline 
forms  of  geometrical  isomers  such  as  is  exhibited  by  optica 
antipodes ;  bul,  on  the  other  hand,  the  latter  do  not  show  t< 
any  marked  degree  the  divci^ence  which  is  found  between 
many  physical  and  some  chemical  properties  of  two  geonietrtcal 
isomers.  The  physiological  actions  of  two  geomelrical  isomen 
are  also  quite  dilTerent  in  certain  cases. 

As  a  general  rule,  if  the  foregoing  conditions  have  been 
fulfilled,  two  isomers  are  found  when  the  compound  containi 
only  one  double  bond.  The  exceptions  to  this  will  be  dealt 
with  later.  When  iwo  or  more  double  bonds,  are  present, 
there  is  a  corresponding  increase  in  the  number  of  possible 
isomers;  e^.  two  double  bonds  would  produce  as  many  as 
four  isomers  if  ihe  structure  of  the  compounds  were  favourable. 

We  must  now  consider  the  configuration  of  molecules  con- 
taining two  carbon  atoms  directly  united  logether.  According 
to  our  present  nomenclature,  there  are  three  types  of  union. 


'  l.cBel.fli.//.&c.c*(«.,7,6i3(i89J);  11,192  I1804)  ;  Cfl-f/t  fwrf., 
114,304(18921, 

'  Aiischiilz,  AHHaltH,  B39,  164  (iSSj). 

*  The  reference  to  Watden's  work  i«  in  a  tftter  10  vaii'i  HufT  mFnl 
by  Wcmer,  Ltirtmih  dtr  Slimchtmie,  p.  i&» . 
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between  carbon  atoms :  the  single  (or  ethane)  hotiU ;  the 
double  for  ethylene  bond) ;  and  the  triple  (or  acetylene)  bond. 
They  are  usually  wrL[len  =  C.r= ;  >C:C<;  -CsC-.  We 
may  deal  with  ihem  in  the  above  order. 

1.  The  Single  Bond.— If  for  the  Kake  of  sLmjiIicily  we 
assume  tlie  form  nf  the  carbon  atom  to  be  a  regular  tetra- 
hedron, then  two  atoms  united  by  a  single 
bond  will  be  represented  as  in  Fig.  zS.  Now, 
if  we  consider  the  case  of  such  a  conipwuiid 
as  ethylene  dichlonde,  CH,CI.CH,C1,  we  see 
that  it  may  be  expressed  in  the  telrahedral 
formula  by  three  diflercnt  arrangements.  In 
Fig.  39,  the  upper  tetrahedron  has  been  kept 
in  the  same  position  throughout  the  three 
cases,  while  the  order  in  which  the  atoms  are 
distributed  round  the  lower  tetrahedron  varies 
in    eadi    case.     Hence   we    might   expect    to  j.-k;.  ^s. 

lind  three  isomeric  dichlorethyienes,  each 
corresponding  lo  one  of  the  above  formula:.  In  practice, 
however,  no  such  isomerism  exists,  and  only  one  eompoimd 
of  the  formula  CH-Cl.CH.jCI  is  known.  The  letrahedral 
formula  has  therefore  been  modified  by  the  assumption  that 
when  two  carbon  atoms  are  united  by  a  single  bond,  they  can 


rotate  freely  about  their  common  axis.  On  this  hypothesis 
the  three  formulre  of  Fig.  29  represent  merely  phases  of 
intramolecular  .movement,  and  not  actually  stable  positions 
of  the  lelrahedra.  This  free  rotation  need  not  in  all  cases 
be  a  continuous  motion ;  for  it  may  be  assumed  that  the  atoms 
in  any  cotapound  have  a  certain  influence  iipon  one  a«olVvM, 
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even  if  they  are  not  directly  united,  and  that  as  the  result  O 
such  influences,  there  must  be  one  particular  arrangement  d 
(he  atoms  which  is  more  stable  than  any  other.  In  this  ctti 
also  free  rotation  is  assumed,  though  not  continuous  rotattoa 
and  it  is  supposed  that  if  the  atoms  are  arranged  in  any  wi 
whatever,  tliey  will  spontaneously  rearrange  themselves  into  ill 
stable  position,  and  that  thereafter  any  intramok-cular  move 
ment  will  take  the  form  of  a  mere  oscillation  about  the  stabk 
position.  This  latter  hypothesis  is  the  more  satisfactory  a 
the  two,  as  it  explains  certain  facts  known  as  to  the  crj-stalte 
graphic  relations  between  some  saturated  and  unsaturated  o 
pounds. 

2,  The  Double  Bond.— It   has  already  been   stated  i 
geometrical  isomerism  can  be  expected  only  in  compound 
containing  the  grouping  :— 


where  a  differs  from  b,  and  c  from  d ;  and  that  if  this  condilia 
be  fultilled,  such  isomerism  will  exist  even  though  the  c 
pounds  be  exactly  similar  to  one  another  in  structure.  Th 
generally  accepted  explanation  of  this  phenomenon  is  a: 
at  by  the  supposition  that  when  two  carbon  atoms  are  i 
by  a  double  bond,  there  is  no  longer  any  possibility  of  Ihei 
revolving  freely  with  respect  to  each  other,  but  that  instew 
there  are  two  stable  positions  in  which  the  atoms  may  come  10 
rest.  In  fact,  it  is  concluded  that  in  the  ethylene  isomers  ve 
are  dealing  with  the  extreme  case  of  the  cis-trans  isamerism 
in  ring-compounds,  the  ring  being  here  formed  by  the  valencies 
of  two  carbon  atoms  instead  of  a  higher  number.  Several 
explanations  of  the  stability  of  the  two  arrangements  of  the 
atoms  in  geometrical  isomers  have  been  put  forward ;  and 
these  we  must  now  examine. 

The  Tftrahfdral  /fyf>fli/usis.— On  this  assun}ption,  ethylens 
would  be  represented  by  Fig.  30 ;  and  if  we  consider  the  caW 
of  a  symmetrical  disubstiiution  product  such  as  ethylene  di> 
carboxylic  acid :  COOH .  CH  :  CH  .  COOH,  wo  find  that  thi 
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carboxyl  groups  and  hydrogen  aiotns  can  be  arranged  i 
different  ways  at  llie  comers  of  the  letrahedra  ;  thus  producing 
two  systems  resembling  optical  isomers  in  Ihat  they  cannot  be 
superposed  upon  one  another,  but  differing  from  active  anti- 
podes, since  the  one  isomer  is  not  the  mirror-image  of  the 
Other.     The  weak  point  of  this  explanation  lies  in    [he   fact 


that  it  leaves  no  possibility  of  one  isomer  being  directly  trans- 
formed into  another  without  the  destruction  of  the  double 
bond.     This  will  be  dealt  with  later. 

Werntr's  Explanation.^-W  roust  be  clearly  borne  in  mind 
that  Werner,  in  his  explanation,'  aims  at  giving  nothing  more 
than  a  symbolical  representation  of  the  matter  in  question. 
He    regards  the  carbon    atom  as  a  sphere  whose   affinity    is 


distributed  evenly  over  its  surface  and  i 
toward  the  surface.     In  the  system  of  a 


i  from   the  centre 


the  atoms  a,  J,  6,  ^,  will  appropriate  to  themselves  the  affinity 
distributed  over  the  surfaces  a  and  i',  b  and  tf  in   Fig  31. 


'  Wcmpr,  /tfUrfigf  s.  7'imrie  J.  A^iiifa 
hL<  Lthi-lmfh  4ir  Sl/nm-ifmie,  pp.  !£,  /Sj. 


I 
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Whatever  affinity  then  remains  in  the  two  carbon  atoms  will  be 
used  up  in  forming  the  so-called  double  botid  between  ihem ; 
and,  as  the  shading  in  Fig.  32  shows,  this  affinity  is  very 
characteri St i rally  distributed  over  the  surface  of  both  atoms. 
The  portions  of  affinity  of  both  car])on  atoms,  which  are  not 
situated  in  the  zone  of  attraction  of  the  atoms  a,  a',  I;  ^  (i.e. 
the  sections  marked  x  in  Fig.  33),  can  saturate  each  other 
without  in  any  way  hindering  the  free  rotation  of  the  carbon 
atoms  with  respect  to  one  another,  since  this  affinity  is  evenly 
distributed  about  their  asis  of  union.  On  ihe  other  hand, 
those  portions  marked  -1  in  Fig.  33,  being  irregular  in  shape. 


Fig.  33. 


Fi.^.33. 


can  only  exert  their  full  attraction  upon  one  another  either, 
when  the  system  is  in  the  position  shown  in  the  figures,  «■ 
when  one  carbon  atom  has  been  revolved  through  an  angle  of 
180".  Hence  the  most  stable  positions  of  the  atoms  are  those 
shown  in  the  figures.  The  transmutation  of  one  isomer  into 
the  other  offers  no  difficulty  on  this  theory,  for  since  a  is  only 
a  small  fraction  of  the  total  affinity  of  the  carbon  atoms,  it  is 
possible  to  suppose  that  heat  or  other  agents  might  weaken  ill 
attractive  force  to  .such  an  extent  as  to  allow  transmutation  of 
the  labile  into  the  stable  isomer  to  take  place. 

3,  The  Triple  Bond.— Up  to  the  present  time,  no  case 
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been    discovered    in    which    stereoisomerism    is   due   to    the 
presence   of  a  triple  bond  in  a  compound.     It  would  s 
both  from  a  theoretical  and  a  practical  standpoint,  that  no  such 
isomerism  is  to  be  expected  in  this  case. 


§   III.   NOMENCLATURE. 

Up  to  the  present,  three  forms  of  nomejiclature  have  heen 
brought  into  common  use;  and  as  each  has  its  advantages  in 
certain  cases,  all  three  will  be  utilised  in  the  following  pages. 

The  first  form  is  due  to  von  Baeyer.'  He  proposed  to  use 
in  all  cases  the  letter /^itwiwit,  with  indices  to  indicate  whether 
similar  groups  in  a  compound  lay  on  the  same  or  on  opposite 
sides  of  the  molecule  ;  e^. — 

COOH— C— H 

II  Maleic  acid  p-"". 

COOH-C— H 

COOH^C— H 

It  Fumaric  acid   r'''"""' 

H— C--C(10II 

In  modern  usage  the  r^"-*^"  has  been  simplified  to  cis-,  while 
I N  j.-tni.  has  become  merely  cis-trans  or  even  trails. 

From  the  fact  that  the  case  of  maleic  and  fumaric  acid  is 
so  well  known,  a  second  type  of  nomenclature  has  arisen, 
.\cids  having  the  same  configuration  as  maleic  acid  are  said  to 
belong  to  the  maldnoid  class,  while  those  resembling  fumaric 
add  are  \GnatiS.Jumaroid  varieties." 

In  the  third  method  the  cis-cis  forms  are  named  plane' 
iymmrtrical,  owing  lo  their  having  a  plane  of  symmetry  in  the 
molecule ;   the  cis-trans  form,  having  no  plane  of  symmetry, 


■  In  consulting  Lhe  work  of  Michael,  it  should  be  noted  thai  he  ukcs 
maitifiaid  (u  designale  the  immer  with  Ihe  lower  melting-poinl,  and 
/HKtaroiJ  tat  the  higher  raelling  subslance.  Hia  use  of  cilhct  ttrm, 
iht^ti-foie.  does  nol  imply  that  Ihe  ntHjiguration  of  ihe  sulBlnncc  corresponds 
(•I  that  of  maleif^or  fnnuric  acid. 

'  BMcyer,  ^Jtiia^,  SU.  103  (j888}. 
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but  being  symmelrical  about  its  centre  or  about  a 
through  its  centre,  is  called  nxial-symmttrical  isomer. 

A  fourlli  nomenclature  may  be  mentioned  here,  thoi^h  it 
has  not  come  into  general  favour.  It  consists  in  putting  the 
prefix  oIId-  before  the  name  of  the  compound  to  indicate  the 
leas  stable  form. 


\   IV.    COS'FlGi'RATION  nETERMrS'ATJOX. 

Owing  to  the  structural  and  constitutional  differences 
between  the  various  compounds  which  must  be  classed  as 
geometrical  isomers,  it  has  so  far  been  impossible  to  devise 
any  method  of  configuration  determination  which  would  be 
applicable  to  all  cases ;  and  even  the  methods  at  present  at 
our  disposal  cannot  be  said  to  do  more  than  suggest  which 
of  two  configurations  is  the  more  likely  for  a  given  substance. 

In  the  determination  of  the  constitution  of  any  substance, 
it  is  always  assumed  that  when  the  compound  undergoes  a 
change,  only  those  atoms  which  are  directly  concerned  in  the 
action  are  affected,  the  other  parts  of  the  molecule  being 
supposed  to  remain  unaltered.  The  same  assumption  is  made 
in  the  case  of  configuration  determination,  but  there  it  is  also 
assumed  that  those  atoms  or  atom  groups  which  react  with  one 
another  are  to  be  found  in  adjacent  positions  in  space.  Neither 
assumption  can  be  proved  at  present  ;  and  hence  there  is  no 
certainty  that  the  results  obtained  by  our  existing  methods  are 
accurate. 

There  are  four  chief  modes  of  determining  the  configura- 
tion of  ethylene  isomers  :  (i)  from  their  relations  to  ring-com- 
pounds; (a)  from  their  relations  to  acetylene  derivatives ;  (3) 
from  their  relations  to  ethane  compounds ;  and  (4)  from  Ae 
relations  between  the  two  ethylene  isomers  under  consideratioa 
These  will  no«-  be  dealt  with  in  turn. 

1.  Determination  of  the  Configuration  from  the  Belatio&s 
of  Ethylene  Stereoisomers  to  Cyclic  Componnde. — This 
method  de|iends  either  upon  the  intramolecular  formation  of] 
a  ring,  or  upon  the  breakdown  of  a  ring-compound  into  ai 
eihyltine  derivative. 
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Examples  of  the  first  type  are  to  be  found  in  the  formation 

of  anhydride   from    unsaturated   dicarboxylic  acids   such   as 

nialeic  acid.     In   the  case  of  the  maleinoid  compound,  in 

which  the  two  carboxyl  groups  are  situated  on  the  same  side 

of  the  molecule,  the  anhydride  is  easily  formed ;  while  in  the 

fumaroid    type  some  difficulty   is   experienced.      A  slightly 

different  example  is  furnished   by   lactone  formation  in  the 

case  of  unsaturated  hydroxy-acids.     In  this  case  it  is  assumed 

that  the  molecule  of  water  is  more  readily  lost,  the  nearer 

together  carboxyl  and  hydroxyl  groups  lie  in  the  molecule  of 

the  hydroxy-acid.    The  best  instance  of  this  kind  is  to  be 

found   in   the  case   of  the  ortho-coumaric  acids.     Both   are 

obtained  from  coumarin,  one  by  simple  treatment  with  alkalis, 

the  other  only  after  long  boiling  in  alkaline   solution.     The 

first  acid  yields  coumarin  spontaneously,  the  second  does  not 

do  so   even  on  heating/     The  following  formulae  illustrate 

this  : — 

H— C— CeH,.OH  H— C— QH4OH 

II  II 

COOH— C— H  H— C— COOH 

Stable  add.  Labile  acid. 

H— C— C6H4.O 


H— C— CO-O 

Coumarin. 

In  the  breakdown  of  cyclic  compounds  to  ethylene  deriva- 
tives it  is  supposed  that  compounds  of  the  maleinoid  type  are 
the  end-products  of  the  reaction.  When  benzene  is  treated 
with  potassium  chlorate  and  sulphuric  acid,  it  gives  trichlor- 
phenomalic  acid,  which  with  baryta  water  yields  maleic  acid.'- 


H  ^CO         H  COOH^       \l 


•> 


\  A  /S 

H  COOH         H  COOH         H 

*  Fittig,  y4«/«7/i?«,  226,331  (1884);  Wislicenus,  A'a«w//<://e^lfjort{nung, 
p.  49. 

'  Kekule,  ^^f/a/i^//,  223,  lyo  (1884). 


;  those  of  the  oxidation  of  tecmbromo-thiO'  I 
phenc  to  dibromo-nialeic  acid,  and  of  tribromo-thiotolenc  to  | 
bromo-cilraconic  acid. 

This  method  ofconiiguration  determination  is  extremeljr  1 
unreliable,  owing  to  the  violence  of  the  reactions  JnTolved, 
which  might  easily  bring  about  a  transmutation  of  the  isomer 
first  formed. 

2.  Determination  of  the  Canfig;uration  from  the  Relations 
between  Ethylene  Compounds  and  those  of  the  Acetylene 
BerieB. — Hi:re  we  niiy  employ  eilber  tht  production  of 
ethylenes  from  acetylenes,  or  the  reverse  process. 

The  former  method,  first  proposed  by  Wislicenus,'  depends 
upon  the  assumption  that  when  an  acetylene  compound  ii 
converted  into  an  ethylene  derivative  the  added  atoms  must- 
lake  up  the  cis-position  to  one  another  in  the  new  compound. 

X 


H 

/ 

C 
III 
C 

+ 

X, 

ex 

/■,/ 

H    C 

H 


It  cannot  be  considered  a  perfectly  reliable  way  of  determii 
configurations,  for  cases  are  known  (see  later)  in  which  addil 
does  not  take  place  in  this  way,  but  where  the  added  atoms  are 
found  in  the  trans-position  to  one  another.  Further,  traces  crf. 
the  halogens  have  the  faculty  of  causing  a  transmutation  of  the 
unstable  isomer  into  the  stable  form,'  so  that  it  is  possible  that,, 
though  a  cis-conipound  was  first  formed,  it  might  be  immedi- 
ately converted  into  the  trans-variety,  The  method  can  at  the 
best  serve  only  to  furnish  confirmatory  evidence  in  support  of 
results  obtained  in  some  other  manner. 

In  utilising  the  production  of  acetylenes  from  ethylenes  for 
the  determination  of  the  configuration  of  ethylene  isomers,  the 
supposition  is  made  that  if  any  ethylene  derivative,  a.X.C :  C.i.Y, 

*  See  J  VI.,  on  Tmnsitiutalion,  p. 

'  Wiiliccoiu,  A'aHmJicJx  •AHerdnuKBif.  \V 
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be  converted  into  an  acetylenic  compound  by  loss  of  the  groups 

X  and  Y,   this  change   will   occur   more   easily   the   nearer 

together  X  and  Y  lie  in  the  molecule.     For  instance,  in  the 

figures  below,  the  elimination  of  XY  will  be  easier  in  {a)  than 

in  (b). 

/  /X 

C   Y  C   * 

/ll  /  A/ 


a  C  a  C 

(a)  (b) 


As  in  the  cases  of  the  foregoing  methods,  too  great  reliance 
should  not  be  placed  upon  the  certainty  of  this. 

3.  Determination  of  the  Configuration  from  the  Relations 
of  Xthane  and  Ethylene  Compounds.  —  (a)  By  changing 
Ethylenes  into  Symmetrical  Ethanes  with  Two  Asymmetric  Carbon 
Atoms, — When  the  two  stereoisomeric  acids,  maleic  and 
fumaric,  are  oxidised,  they  yield  two  different  tartaric  acids : 
from  maleic  acid  is  derived  meso-tartaric  acid,  which,  being 
inactive  owing  to  internal  compensation,  cannot  be  separated 
into  two  active  isomers;  while  fumaric  acid  gives  the  exter- 
nally compensated  racemic  acid,  which  may  be  resolved  by  the 
usual  methods.      The  reason  for  this  difference  can  be  seen 

from  the  figures  below  : — 

OH 


COOH— C— H    OH    COOH— C— H 

II     +     =        I 
COOH— C— H    OH    COOH— C— H 


OH 
Maleic  acid.  Meso-tartaric  acid. 

OH 

H— C— COOH         OH         H-C-COOH 

II  +  =  I 

H— C— COOH         OH         H~C-COOH 

OH 
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OH 
COUH— C-H  OH 

II  + 

H— C— COOH       OH 
cc 


Fu marie  acid. 


H— C— COOH       OH 
II  + 

COOH— C— H  OH 


COOH— C-  H 
I 
H— C— COOH 

1 

OH 
^/-Tartaric  acid. 

OH 
I 
H— C-COOH 

COOH-C— H 
I 

OH 
/-Tartaric  add. 


From  a  considerable  number  of  aiialt^ous  cases  it  had  been 
deduct^  that  in  general  a  symmetrical  ethylene  derivative 
the  cis-  form  is  converted  by  the  addition  of  two  similar  atoms, 
or  groups  of  atoms,  into  an  internally  com[>ensated  substance, 
while  the  trans- form  gives  rise  to  thi;  racemic  isomer  : — 


X  «    X  n 


X    i'  X 


/"  /' 


The  method,  however,  cannot  be  considered  wholly  reliable, 
since  it  assumes  lliat  addition  always  takes  place  as  shown 
above ;  while  it  has  l>een  proved  by  Michael '  that  this  is  not 

'  Sec  cod  ot  this  scclion,  p,  \'\\- 


rSOMERISAf  IN    THE   ETHYLENE   SERIES      169 

vays  the  case,  but  that,  instead,  atoms  may  be  added  on 
;cording  to  the  scheme  below  : — 

/a  X  a         a  a    X  a 

C C         +X,=  C C       or       C -C 

Ob  b        b     X  b   X    b 


Especially  in  the  case  of  halogen  addition  are  results  obtained 
in  this  way  to  be  mistrusted,  as  several  drawbacks  can  be  fore- 
seen. First,  the  liability  of  halogens  to  cause  transmutation  of 
one  isomer  into  another  may  result  in  such  a  change  happen- 
ing before  any  addition-compound  is  formed ;  second,  even 
when  normal  addition  has  taken  place,  it  may  have  given  rise 
to  a  somewhat  unstable  product,  which  may  then  undergo  an 
intramolecular  change  resembling  autoracemisation,  and  giving 
rise  to  a  more  stable  isomer. 

{b)  By  Transformation  of  Ethafus  into  Ethylenes, — This 
method  in  itself  is  not  of  any  great  importance,  and  is 
mentioned  here  merely  because  it  helps  to  make  clearer  the 
relations  to  be  dealt  with  in  the  next  section.  Its  basis  is 
somewhat  similar  to  that  already  mentioned  in  the  case  of  the 
conversion  of  ethylene  derivatives  into  acetylene  compounds. 
As  in  that  instance,  it  is  here  assumed  that  when  a  compound 
is  converted  into  a  more  unsaturated  derivative,  the  operation 
will  be  easiest  if  the  eliminated  atoms  lie  near  together  in  the 
molecule;  for  example,  it  was  to  be  expected  that  when  X. 
was  lost  by  the  compound  R — CHX— CHX — R  with  two 
similar  asymmetric  carbon  atoms,  the  nieso-  form  would  give 
^se  to  the  maleinoid  isomer,  while  the  racemic  forms  would 
produce  the  fumaroid  type  : — 

Meso-form. 

X        X 

H        H 

/       /        -X. 

C 


/  / 


Maleinoid  form 

H 

H 

/ 

/ 

c 

-C 

/ 

/ 

R 

R 
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Active  form. 

X        X 


H 


C 

/ 


/ 


R 


/ 
H 


Fumaroid  t)rpe. 


R  H        R 

/        -X,  /       / 

/       / 
R       H 


Further,  if  analogous  loss  occurred  in  the  case  of  a 
pound    containing    two    dissimilar    asymmetric     atoms 
R — CHX — CHX — R'),  it  was  supposed  that  similar  n 
would  be  obtained. 


M«aiO-forni. 

X         X 


H 


C 


/ 


H 


/ 


C 


/ 
R 


K^ 


Active  form. 

X        X 


/ 

R 


H 

/ 
C (J 

/ 
H 


r: 


/ 


-X.. 


X, 


Maleinoid  form. 

H 

H 

/ 

c 

c 

/ 

/ 

R 

R' 

Fumaroid  form. 

H 

R' 

/ 

/ 

c- 

-  C 

/ 

/ 

R 

H 

These  expectations  have  not  been  completely  fulfilled 
the  work  of  Michael  and  Schultbess '  on  dibromo-substi 
unsaturated  acids,  as  well  as  Liebermann*s  ^  on  the  dib 
cinnamic  and  dibrom-allocinnamic  acids  has  shown 
though  both  isomers  are  actually  produced,  the  yield  of  c 
extremely  small  compared  with  that  of  the  other;  a  i 
which  does  not  agree  with  the  deductions  made  from  p 
theoretical  considerations. 


'  Afichael  and  SchuUhess,  ?.  ^r.  CHm.A'A^>^SFiV>V^vV 
^  Liebermann.  Ber.,  514, 1109  ^\%9^^. 


4.  Determi nation  of  the  Configuration  from  the  Relations 
Iween  Ethylene  Compounds. --Curtain  cthyknt  slcreo- 
mera  liave  tliu  faculty  of  adding  on  various  radicals  at  the 
ubie  bond,  and  when  the  addition-coin[x)uiid  so  formed  is 
)kcn  down  into  an  ethylene  derivative,  it  is  found  that  a 
dy  of  different  stereoisomeric  configuration  is  produced  instead 

the  original  substance.  By  ascertaining  the  configuration 
ibe  intermediate  compound  most  likely  to  produce  this 
uli,  certain  deductions  may  be  drawn  as  to  the  configura- 
n  of  the  two  isomers.  For  example,  maleic  acid  adds  on 
imiiie  and  yields  iso-dibromo-succinic  acid,  which  can  be 
ide  to  lose  hydrobromic  acid  and  break  down  into  bromo- 
naric  acid ;  fuDiaric  acid,  on  the  other  hand,  adds  on 
jmine  to  form  dibromo-succinic  acid,  which  by  loss  of  hydro- 
aniic  acid  can  be  converted  into  bromo-maleie  acid.  'I"hese 
Miges  are  explained  on  the  assumption  tliat,  after  addition 
lcs  place,  a  partial  revolution  of  the  carbon  atoms  in  the 
u  ethane  derivatives  is  needed  to  bring  their  groups  into  the 
jsl  stable  position.  These  changes  are  shown  in  the  table 
the  nest  page.  Other  examples  of  the  same  kind  will  be 
fen  later.* 

5.  Isflnencfls which  increaBe  the  Difficulty  ofConfiguration 
tannination.- — Several  of  these  influences  have  already  been 
HilioDed  in  the  preceding  sections.  Chief  among  them  is 
[apparently  abnormal  addition  of  lialogens  to  acetylenes  to 
m  trans-substituted  ethylenes;  and  the  converse  case  of 
itling  off  atoms  which  lie  in  the  trans- posit  ion  to  one 
pther.  Our  knowledge  of  this  branch  of  the  subject  is  due 
lost  entirely  to  the  work  of  Michael.'  VVislicenus  '  had  put 
Lrard  the  suggestion  that  such  abnormal  additions  might  be 
I  lo  intramolecular  change  taking  place  after  the  addition 
CtiOD  was  complete  ;  and  he  quoted  the  production  of  bromo- 

iric  acid  by  the  action  of  hydrobromic  acid  on  acetylene 
Itrboxylic  acid  in  support  of  his  theory.     In  his  view,  two 


•  See  f  VU.  on  Kxplanaliun«  >,(  Transmutiitioii,  p.  1S5. 

■  Hicluuil,  7.  fr.  Chcm..  (3]  46,  aio  (1892) ;  SS,  1S9  (1895). 

■  Wuticenuii  Rhimliehe  AtmrJnitiig,  [>.  n. 
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ermediate  products  were  formed:  first,  monobromo-malelc 
id,  and  then  dibromo-succinic  acid,  which  by  loss  of  hydro- 
omic  acid  was  supposed  to  be  converted  into  bromo-fumaric 
fid. 

OOH.C.Br  COOH.C.Bra  COOH.C.Br 

\  HBr  I     Rotation  and  loss  of  HBr    11 

:OOH.CH     — ^COOH.C.H, ^H.C.COOH 

According  to  this  hypothesis,  both  bromo-maleic  and  bromo- 
umaric  acids  could  be  converted  into  dibromo-fumaric  acid 
by  the  addition  of  bromine  and  loss  of  hydrobroraic  acid. 


COOH.CBr 
C0OH.C.H 


^ 


COORCBr, 


COOH.CBr 


COORCBr 

II 
H.C.COOH 


^- 


-HBr 


BrHCCOOH 


Br.C.COOH 


The  production  of  dibromo-fumaric  acid  may  be  explained 
on  the  same  hypothesis  in  another  way.  Acetylene  dicarboxylic 
3ci(i  gives  rise  to  dibromo-maleic  acid  in  the  usual  way  by  the 
addition  of  bromine  to  the  triple  bond,  after  which  the  follow- 
ing changes  take  place  : — 


COOH.CrBr,     -Br, 


Br.C.COOH 


s^ 


COOH.C.Br 

I  -f-HBr 

COOH.CBr   ^  COOH 


COOH.C:Bra 
COOH.CHBr  ' 


COOH.C.Br 


.C.Brj 


The  assumption  that  bromo-maleic  acid  can  thus  be  con- 
certed into  bromo-fumaric  acid  was  proved  to  be  unfounded 
^y  Michael,^  who  showed  that  even  when  it  had  stood  for  days 
*n  contact  with  ten  per  cent,  of  hydrobromic  acid,  no  change 


^  Michael  ^ Z^-  CAfm.,  [2]  46,  210  (1892). 
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occurred.     Secondly,  acetylene  dicarboxylic  acid,  when  treati 
with  hydrobromic  acid,  does  not  yield  bromo-maleic  but 
bromo-fiimaric  acid.     And,  finally,  tribromo-succinic  acid,  i 
losing  hydrobromic  acid,  gives  rise  to  a  mixture  which  con 
dibromo-maleic  acid  but  no   dibromo-fumaric ;    further, 
splitting  off  of  the  hydrobromic  acid,  requires  the  presence 
aqueous  alkalis,  and  does  not  take  place  under  the  conditi< 
furnished  by  the  addition  of  bromine  to  acetylene  dicarboxy! 
acid.     The  Wislicenus    hypothesis    is    thus   destroyed,  and 
direct  addition  in  the  trans-position  seems  the  only  altemati?e. 
Instances  such  as  these,  however,  are  not  sufficient  to  over- 
throw the  whole  stereochemistry  of  the  ethylene  series.    The 
true  solution  of  the  problem  is  probably  to  be  found  in  seeking 
the  influences  which  govern  these  apparently  abnormal  cases. 
Many  possible  factors  could  be  suggested,  such  as  the  mutual 
influences  of  the  various  atoms  in  the  molecule,  the  effect  of 
physical  agencies   such  as  heat  or  light,  the   occurrence  of 
secondary  reactions  or  intramolecular  changes  simultaneously 
with  the  addition-reaction,  and  even  chemical  influences  such 
as  the  nature  of  solvents.     A  very  good  example  of  the  effect 
of  such  apparently  minor  influences  is  furnished  by  Wislicenus's 
investigations  *  of  angelic  and  tiglic  acids.     In  his  attempts  to 
produce  dibromides  of  these  acids  he  found  that  quantitative 
yields  were  produced  only  when  a  large  excess  of  bromine  was 
allowed  to  act  on  the  acid  at  low  temperatures  in  total  dark- 
ness ;  under  other  circumstances  mixtures  of  the  two  isomeric 
bromides  were  formed. 


§    V.    77IE  PROPERTIES  OF  ETHYLENE  STEREO- 
ISOMERS. 

1.  Physical  PropertieB. — In  1882  Camelley*  stated  that 
of  two  isomers,  that  which  possessed  the  most  symmetrical  and 

'  Wislicenus,  Annaltn^lil^y  ii^ V>&*^9\- 
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structure  was  distinguished  by  having  the  higher 
piting-point ;  and  Franchimont '  has  brought  evidence  in 
r  of  this  view.  Later,  Michael/  as  a  result  of  his  work 
iaturaled  acids,  drew  the  conclusion  that  of  the  two 
merfi  the  maleinoid  form  had  ihe  lower  melting- point,  being 
I  more  soluble  and  volatile.  Werner"  puts  forward  the 
1  that  this  difference  in  melting-point  may  be  merely  one 
;  of  a  much  more  general  rule :  and  quotes  as  an 
mple  the  cases  of  phthalic  and  terephthalic  acids,  comparing 
orlho-acid  with  maleic  and  the  para-compound  with 
fliiniaric  acid. 


C(K)H-  r-H 

COOH— f:— H 
M.P.  130°  C, 


rOOH  -C— H 


Salilimei 


COOH 
inchan(^. 


CUOH— C        C— H 
M.P.  au'c. 


COOH— C        C— H 


Sublimes  unchanged. 


This  idea  may  prove  to  be  based  upon  mere  coincidence, 
hut  the  fact  that  benzene  para-derivatives  have  higher  melt- 
ing-points than  the  corresponding  ortho-dcrlvalives  seems  to 
;.'>irii  to  some  general  rule  such  as  Werner  foreshadows.  If 
-iich  a  rule  were  formulated,  it  might  be  of  great  assistance  in 
iltti;rmining  the  configuration  of  some  isomers. 

As  the  experimental  material  at  present  available  is  very 
limited  in  extent,  no  definite  conclusions  can  be  drawn  as 
regards  the  relations  of  the  boiling-points  of  the  isomers ;  but 
the  indications  seem  to  point  to  results  akin  to  those  noted  in 
the  case  of  the  melting-points  of  cis-trans  isomers. 


Franchimonl,  £n.  Irav.  Mm.,  16,  142  (1S97), 
Michael,  7.  >>r.  Clu«.,  [2)88,345(1895). 
WcTiier,  Z/iirhu-i  Jrr  SUrexAemii,  p.  311. 
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The  melting-points  and  solubility  of  stereoisomers  seem 
to  be  connected  in  some  way,  as  il  is  found  thai  the  isomC" 
with  the  higher  mel ting-point  is  always  the  less  soluble  of  the 
:wo.  The  parallel  with  the  d- and /-derivatives  of  benzene  is 
therefore  very  close  in  this  case  also.  See  also  the  work  of 
VaubeL'     A  few  instances  may  be  given  here  r— 


iSaldtwid. 


Iltmleicacid'.  . 
[  ttChloTcinaamic ' 
r  0-Chtorcinnamtc ' 
I  Citraconic  <    .     . 


:a  H,0 
13789  H,0 

:o-4i  11,0 


Funiaric  »cid    .       — 
a-Chlorcinnamic   137° 
fl-ChlDTcinnamic  158*5° 
Mnaconic  acid     201" 


Milnbflil]. 

ISOH-O 
113011, 


Very  little  work  has  been  done  on  the  specific  gravities  of 
these  isomers,  but  from  the  results  obtained  up  to  the  prcseni 
it  appears  that  the  compound  with  the  higher  melting-point  or 
boiling-point  usually  has  the  higher  density ; "  i-^  maleic 
acid  has  8  =  I'sgo ;  funiaric  acid  has  S  =  vdz^.  Traube* 
finds  that  the  cis-isomcr  has  a  smaller  molecular  volume  [han 
the  trans-compound. 

As  a  genera!  rule,  both  isomers  are  colourless,  but  when 
it  happens  that  one  form  shows  a  yellow  tinge  it  is  usually  the 
one  with  the  lower  melting-point  which  is  thus  distinguished. 

A  short  account  of  the  difference  in  electrical  conductivity 
produced  by  stereoisomerism  will  be  found  in  Lehfeldt's 
Ekciro-cliemistry,  part  i.  It  need  only  be  said  that  in  the 
case  of  monobasic  stcrcoisomeric  acids  the  isomer  with  the 

'  V«ubcl.  y.  tr.  Ckm.,  [i|  H,  444  (189s) :  »,  3°  ('SWl- 
■  Lwwiene,  .4«w.  Chim.  />;ii';.,  [3]  11,93(1819)  !  Cuius.  Jn»'i/m,  141, 
153(1867). 

'  Michael  and  Pendleton.  7. /r.  Cktm.,  40.66(1"" 

*  Bsup,  AHiialfH,  81,  97  (1852), 

•  Tanatsr   and   TchelclHJcfT,   J.   Kiia.    Phy,. 


(iS 


•  T™.ihc,^«»<j/m,SB0.43(lSq61. 
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*i.T  mtiltiiig-point  is  usually  tht:  stronger,  while  in  the  dibasic 
:Js  the  cis-form  is  stronger  than  ihi;  trans-form. 


'.  .■:'.M,fstroni;eiacid.    M.P, 

K 

Name  uf  weakei  acid.  M.P.  1    K 

.'..^i^lunic  add      . 

ifdcic  acid       '.     '. 
Cilwcooiocid.     . 

■  '5-S' 

■1  " 

D'OOj6 

0-0050 

117 

0-340 

Crotooicacid   ■     ■     ■,    7l",0'0iM0 
TiglicacLd  .          .     .  64'S''  o'ooog 
Kumaricadd    ,     ,     ,|   —     o'ogj 
Mesacoiiic  add      .     . ;  aoa°  0-079 

Reference    may   be    made    to    the    work    of    Wegschcider,' 
Osiwald,*'  and  Walden,' 

As  far  as  experimental  work  has  gone,  it  has  been  found 
that  the  i.somer  with  the  hightst  melting-point,  usually  the 
trans-fornt,  has  the  smaller  heat  of  combustion.  For  example, 
we  may  give  the  following  figures  :  * — 


Further  instances  are  given  in  the  papers  of  Stohmann/' 


The  heats  of  solution  and  neutralisation 
Gal  and  Werner,"  in  the  cases  of  fumaric,  i 
and  citraconic  acids. 


:  measured  by 
aleic,  mesaconic, 


•  Wt^schekJer,  Mvnatsh.,  BS,  559  (igoj). 

'  Ostwald,  Ztil,  fihjiiHal.  Chcm.,  3.  380  (tgSg), 

*  WaldcD,  Ztil.  fhyrikal.  Chcm.,  8,  495  (iSyi). 

'  Ixtuguiaine,  Ann.  Chim.  Phys.,  [6]  ZS,  18O  [1891) ;  Slohmaim,  , 
phyukal.  Chtm.,  10,  416  (1891). 

'  SlohmBnn.///r,.»,  134(1895);  Zdl.  /'hysikal.Ckem..'^,\\h\'A 
'  Gal  aod  K.   Wemcr,  ShU.  ^e.  iim_,  47,  ijjj  (1887). 
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Sir  VV.  H.  Pcrkin '  finds  ihal  there  is  a  difference  beiwewi 
the  values  for  the  magnetic  rotations  of  two  stereoisoiDeric 
substances. 

Very  little  work  appears  to  have  been  done  on  the  absorp- 
tion spectra  of  etliylene  stereoisomers."  Stewart  ^  has  found  that 
in  some  cases  the  fumaroid  form  has  a  greater  general  absorp- 
tion than  the  maleinoid  type. 

S.  Chemical  Properties. — A  certain  number  of  difTerences 
shown  in  the  chemical  properties  of  stereoisomers  have  already 
been  dealt  with  in  the  sections  on  configuration  determination ; 
there  is  therefore  no  necessity  to  recapitulate  them  here. 

Differences  between  the  cis-  and  trans-forms  of  unsaturated 
acids  are  to  be  found  in  the  amount  of  water  of  crystalliiation 
retained  by  certain  of  their  salts.  For  example,  the  baiiutU'' 
salt  of  maleic  acid  crystallizes  with  one  molecule  of  water, 
while  barium  fumarate  has  three  molecules  of  water  of  crystal-, 
lizalion.  The  calcium  and  barium  salts  of  isocroConic  acid 
have  each  three  molecules  of  water  of  crystallization,  while  tM 
corresponding  sails  of  crotonic  acid  have  none. 


§  VI.    TKANSMUTATIOS: 
In  considering  the  stereoisomers  (i)  and  (a)  :- 


— C— , 

(0 


(^) 


ft 


it  is  obvious  that  the  relative  stability  of  the  two  compound 
depends  upon  the  relative  strengths  of  (lie  attractions  betwi 
the  groups  a,  b,  c,  and  d.     That  is  to  say,  if  the  attractions  0 
u  for  (  and  b  for  d  are  together  greater  than  the  combine 

■  Va}ua,taiai,  Ztil.  phyiiiai.  C^iwj.,  21,  641  (1S96J. 

'  Uegiiii,  Alii  A\  AicaJ.  Lince,  18,  It.,  87,  260,  356  ( 1903) ;  J.  C*b 

>rt>/.,  a,  410(19041. 


'  biewui,  Jhini.,  91,  199  I19071. 


'*t    ailractions  of  «  for  {/and  b  for  c,  thtn  the  coiifiguralioti  (t)  will 

*■    be  ihc  mote  stable  of  llit  two,  since  in  it  the  attractive  forces 

J    ire  most  effectively  employed.     It  is  also  evident  that  if  the 

^k   aabiJily  of  (aj  be  disturbed  in  any  way,  instead  of  reiurnint; 

JB    10  its  uriginal  configuration,  it  will  more  probably  come  to 

W    equilibrium    in    configuration    (i).      Further,    the   less    stable 

isomer  must  have  a  greater  energy  content  than  the  stable  one 

—a  conclusion  which  is  confirmed  by  a  comparison  of  the  heats 

of  combustion,  for  instance,  of  raaleic  and  fumaric  acids. 

A  disturbance  of  the  stability  of  the  labile  isomer  may  be 
brought  about  in  various  ways,  but  nearly  all  cases  may  be 
classed  under  one  or  other  of  two  heads— disturbance  by 
physical  influences,  or  disturbance  by  chemical  influences. 
The  change  from  the  unstable  to  the  stable  configuration  is 
called  a  fransmutaltun  of  the  one  isomer  into  the  other ;  and, 
contrary  to  the  usual  course  of  chemical  reactions,  it  is 
generally  not  appreciably  reversible;  as  soon  as  the  labile 
isomer  has  been  converted  into  the  stable  one,  it  remains 
without  further  change.  This  series  of  plienomena  must  now 
be    described,  and  will    be    dealt  with    under    the    following 

1.  Transmutation  by  physical  influence. 

2.  Transmutation  by  chemical  influence. 

3.  Transmutation  through  intermediate  ethane  compounds. 
1.  TransmutatiDi)  by  Physica!  Influence.-— Practically  all 

labile  isomers  can  be  changed  to  the  more  stable  form  by 
raising  the  temperature  to  a  certain  extent,  which  is  different  for 
each  substance.  When  maleic  add  is  raised  to  a  few  degrees 
above  its  melting-point,  crystals  of  fumaric  acid  separate  from 
the  liquid.'  The  oily  form  of  chlotostilbene  is  converted  on 
distillation  into  the  solid  isomer.'  In  the  cases  where  the 
stability  of  the  two  isomers  is  almost  equal,  heat  produces 
from  either  a  mixture  of  the  two  compounds  as  an  end- 
product.     Since  this  end-point  is  reached  more  rapidly  from 


'  Vt\oMie.AfiHal/H.\l.i(>fi{i%2A); 
.jur,  AHna/<n.  273,  3J  {i8(jj). 
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ibe  labile  isomer  than  Trom  the  stable  variely,  it  serves  li 
cases  to  determine  the  relative  stability  of  the  two  compounds.  I 
For  example,  from  an  estimation  of  the  velocity  with  wbicb  I 
the  stale  of  equilibrium  is  attained  from  each  isomer,  it  w»  \ 
found  pfossiblc  to  determine  the  relative  stabilities  of  the  a- 
and  ^-chloro  crotonic  acids.  Sometimes  the  maleinoid  can  be 
obtained  from  the  fumaroid  form ;  e^.  phenoxy-fu marie  by 
distillation  '  ia  vacuo  gives  phenoxy-maleic  acid. 

Ill  some  cases  a  more  or  less  prolonged  exposure  to 
sunlight  is  sutlicieiit  to  cause  a  transmutation  of  the  isomers; 
and  occasionally  the  effects  of  light  are  the  reverse  of  those  of 
lieat;  e.g.  when  the  a-form  of  ben zy  1(3 -a mido -crotonic  estei 
(M.r.  yg^-So"  C,}  is  heated,  it  is  converted  into  the  /S-fona 
(M.P.  21°  C),  from  which  it  can  be  regenerated  by  the  actioD 
of  light.-'  The  work  of  Ciamician  and  Silber '  and  that  of  Paal 
and  Schulze*  may  be  consulted. 

It  has  been  observed  that  when  some  compounds  are. 
dissolved  in  a  Hijutd  which  is  afterwards  evaporated,  crystals. 
of  the  other  isomer  are  produced.  Examples  of  this  are  found 
in  the  preparation  of  ;3methyl-cimiamic  acid  by  crystal  lining  the, 
a-isomer,°  and  /3-dibenKyl-lcetone-benzylidene-^-toluidine  by 
crystallizing  the  a-form  from  benzene  containing  a  trace  of 
phenylhydrazine." 

Sponlancuus  transmutation  has  been  observed  in  a  very 
limited  number  of  cases. 

S.  TranBmutatiOD  by  Chemical  Influence.— ^Vhe^  maleie: 
acid  is  heated  in  a  sealed  tube  with  water  to  about  130%  i^ 
yields  fumaric  acid.'  It  is  not  certain,  however,  that  this 
change  is  due  to  the  water,  as  the  rise  in  temtierature  aloott 
might  be  sufficient. 

'  Ruhemann  and  SUplelon,  Tram.,  Tt,  I1S4  (1900). 
'  Miihlau,  Her.,  3T,  3376  (1S94). 
'  Ciamidta  ood  SillKr,  Bti:,  80,  4266  (1903). 
■  Paal  and  Schubc,  Ber.,  8S,  ibS  (190XI. 

•  UalD,  y.  Xuji.  P/iyi.  Chm.  Soc.,  W,  31  (1897), 

*  FmncU,  Tram.,  SI,  441  (190:). 
'  Scnu^nuff,  JIhII.  iw.  ck:m.,  48,  816  (1886)  ;  Sk.au|.,   AfimaUA 

107  (iSgi):  Tanatar,  AHtialtii,in,Z,  jmSq^. 
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Halogen  acids  appear  to  be  among  the  most  active  Irana- 
nniting  agents.  In  most  cases  it  is  sufficient  to  allow  the  acid 
:'iJ  unsaluraled  compound  lo  stand  together  for  a  lime,  Sun- 
'■•M  hastens  tlie  action ;  so  also  does  heat.  In  the  transmuta- 
lon  of  the  higher  compounds  of  the  acrylic  acid  series,  nitrous 
■Hid  has  been  found  the  most  valuable  reagent.  In  a  few 
cases  nitric  acid  has  been  employed.  Sulphuric  acid  appears 
rather  lo  retard  than  hasten  the  change  from  one  isomer  lo  the 
oiher.' 

Of  the  halogens,  chlorine  and  bromine  are  probably  the  most 
powerful  transmuting  agents  known,  a  mere  trace  of  the  latter 
being  sufficient  to  produce  a  change.  Iodine  is  not  very 
active.  In  their  case  also  sunlight  greatly  increases  the  speed 
of  transmutation. 

Bases  can  be  utilised  only  in  a  few  cases ;  and  as  heat  is 
required,  it  is  doubtful  whether  the  change  is  really  due  to  the 
bases  or  not.  It  seems  probable  that  the  presence  of  the  base 
merely  prevents  anhydride  formation. 

A  few  cases  are  known  in  which  the  process  of  saponi- 
fication is  sufficient  to  bring  about  transmutation.  Maleic 
ester  itself  is  not  changed  to  funiaric  acid  by  boiling  with 
caustic  potash,  but  its  methyl  derivative,  citraconic  acid,  is 
transmuted  in  these  circumstances  into  mesaconic  acid.  The 
reaction  is  reversible,  however,  for  equilibrium  is  established 
when  70  per  cent,  mesaconic  acid  and  30  per  cent,  citraconic 
are  present. '■'  Maleinaminic  acid  is  converted  into  maleic  acid 
by  boiling  with  aqueous  potash ;  with  alcoholic  potash,  fumaric 
acid  is  formed.' 

In  some  cases  a  catalytic  process  may  be  employed  for  the 
purpose  of  transmuting  one  isomer  into  the  other.  At  ordinary 
temperatures,  sulphuretted  hydrogen  has  practically  no  action 
upon  a  solution  of  maleic  acid ;  but  if  certain  salts  of  maleic 
»cid,  such  as  the  copper  salt,  are  decomposed  by  means  of 
sulphuretted  hydrogen,  a  considerable  quantity  of  fumaric  acid 


'  SkrBup,  MsHalsk.,  12,  T07  (i8yi)- 

'•  Ddisle,  Wnwii^,  269,  95  |iSg2)  :  Midiael,  7. /r.  C*f»j.,  [i(M.*>i 
11893). 
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is  formed.  Silver  maleate  also,  when  acted  on  by  sulphuretted 
hydrogen,  yields  some  fumaric  acid,  though,  if  it  be  treated 
with  hydrochloric  add,  only  maleic  acid  is  produced.  Again, 
when  a  solution  of  maleic  acid  is  saturated  with  sulphur  dionide 
and  sulphuretted  hydrogen,  and  then  warmed  so  that  a  reaction 
occurs  between  the  two  gases,  fumaric  acid  is  produced ; 
though  no  such  result  follows  the  solution  of  maleic  acid  in 
water  which  contains  either  a  mixture  of,  or  the  end-producti 
of  the  reaction  between,  sulphuretted  hydrogen  and  sulphur 
dioxide.  Since,  under  ordinary  conditions,  sulphur  dioxide  is 
practically  without  action  upon  maleic  aciil,  it  must  be  coih 
eluded  that  the  change  from  maleic  to  fumaric  acid  has  in  ihii' 
instance  been  brought  about  by  some  influence  which  is  pro- 
duced hy  the  action  between  the  two  gases.' 

A  few  other  instances  of  changes  brought  about  by  chemical 
agents  may  be  mentioned.  When  concentrated  solutions  of 
maleic  acid  and  potassium  sulphocyanide  are  mixed,  fumaric 
acid  is  formed.  A  small  quantity  of  sulphuretted  hydrogen  is 
evolved  from  the  mixture."  Maleic  acid  is  converted  into 
fumaric  acid  by  the  gases  evolved  by  the  action  of  nitric  acid 
upon  arsenious  acid.'  Sulphur  dioxide,  under  certain  special 
conditions,  has  the  same  property  of  causing  transmutarion.' 

3.  Transmntation  through  Intermediate  Ethane  Com- 
pounds.— This  case  has  already  been  mentioned.  The  method 
consists  in  adding  on  certain  radicals  to  the  double  bond,  and 
then  splitting  off  other  radicals,  thus  inducing  a  change  in 
configuration  as  well  as  in  constitution.  In  general,  the  course 
of  the  reactions  may  be  represented  as  follows  : — 


L 


a—t—h' 


'  Skmup,  Moiiafik..  12,  to7  (1891). 

•  Micluel,  y.  fr,  Ciem.,  [a]  02.  314  (iSgjI. 

'  ,Schmiiil,  Ptr.,  88,  Tfl\\  U900I. 

'  Frant,  AfenaiiA.,  16.  aoq  l.l*9^V 
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In  this  manner  maleic  acid  may  be  converted  into  bromo- 
fumaric  through  dibromo-succinic,  while  fumaric  acid  can  be 
changed  into  bromo-maleic  acid. 


§   VII.    EXPLANATIONS  OF  THE    TRANSMUTATION 

OF  ETHYLENE  ISOMERS. 

1.  Wislicenus'S  Explanation.  —  (a)  Transmutations  by 
Physical  Influences. — "  These  prpcesses  are  to  be  traced  to  an 
intramolecular  rearrangement,  brought  about  by  the  lessening 
of  binding  energy  which  is  caused  by  the  action  of  heat.  Thus 
either  an  interchange  of  position  occurs  between  the  radicals 
united  with  the  C :  C  group  in  order  to  produce  a  more  stable 
compound,  or  the  double  bond  between  the  carbon  atoms  is 
loosened  so  far,  that  by  the  action  of  strong  affinities  a  turning 


cMj^l:: 


COOH 


movement  of  the  system  follows,  after  which  comes  a  wander- 
ing of  a  hydrogen  atom  to  the  nascent  affinity  of  one  of  the 
radicals  not  causing  this  rotation,  and  finally,  the  re-formation 
of  the  double  bond  takes  place."  ^  Figure  35  shows  the 
process  of  transmutation  of  isocrotonic  into  crotonic  acid  on 
the  Wislicenus  hypothesis. 

{b)  Transmutations  by  Chemical  Influences, — He  explains  all 
these  by  a  process  of  addition  to  form  ethane  compounds,  and 


'   Wislicenus,  A'aum/teAe  Afiordnungy  p.  55. 


iubsequenl   loss  of  the  added  radicals  after  rotation  lus 
taken  place,     For  example,  in  the  case  of  ihc  conversion  of 


maleic  to  fumaric  acid,  lie  supposes  the  following  changes  t 


This  explanation  has  been  proved  to  be  entirely  inadequate. 
To  go  no  further,  it  need  only  be  pointed  out  that  in  the  caM 
of  methyl-citraconic  acid ; '— 


k 


'  Fitiig,  /iir.,  n,  tS^a  U%q6\. 
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^e  is  no  possil)ility  of  the  exchange  of  hydrogen  atoms  such 
is  shown  in  the  above  case,  and  without  such  an  exchange 
;  explanation  fails  to  the  ground.  Even  if  this  objection 
uld  be  answered,  however,  the  work  of  Anschiita,  Fittig, 
raup,  and  Michael  has  shown  that,  in  the  conditions  of 
;  transmutation  of  one  isomer  into  another,  the  inter- 
;diale  compounds  postulated  liy  Wislicenus  are  stable, 
d  so  cannot  be  supposed  to  break  down  into  unsaturated 
dies, 

(i-)  Transmutation  through  Ethane  Compounds. — In  his 
planation  of  this,  Wislicenus  assumes  an  addition  of  two 
oms  of  bromine  in  the  cJs-position  and  a  subsequent  elimi- 
itioD  of  hydrobromic  acid,  also  from  the  cis-position.  The 
Uowing  facts  will  show  that  this  is  unfounded.  Lossen  and 
iehensahm '  found  that  when  iso-dibromo-succinic  acid  obtained 
om  naaleic  acid  was  made  to  react  with  water.  So  per  cent, 
the  reaction-product  was  racemic  acid,  and  the  remaining 
3  per  cent,  was  meso-tartaric  acid.  This  is  just  the  reverse 
f  what  might  be  expected  if  iso-dibromo-succinic  acid  were  a 
is-additi  on -product  of  maleic  acid.  Again,  fumaric  acid  with 
ramine  yields  a  dihromo- succinic  acid  which  on  treatment 
■ilh  water  gives  about  80  per  cent,  of  meso-tartaric,  and  only 
bout  30  per  cent,  of  racemic  acid.  It  is  thus  clear  that 
nidation  and  the  addition  of  bromine  lead  to  very  different 
S  of  compound. 


Lossen  and  Ricbcnsahm,  Aimalen,  292,  295  (1897). 
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Maleii:  aeid :  — 

Oxidation :  ^OH 

H_C— COOK      H— C— CO"" 

1  — '  y 

H— C— COOH      H— C— C( 

iOH 

»i(b  H,o    I 


COOH 

Meso-Iarlnric  (quanliUIivc). 

Bromine  addition :  Br  OH 

H— C— COOH      H~C— COOH        H— C— COOH 


COOH       H— C— COOH         H-^— COOH 

li(  HO 

l«iM]iliiomii-saccmic.  Kacemic  (So ', 


Ftimaric  acii/ :  — 

Onirialion:  OH 

COOH— C— H         COOH— C— II 


-A- 


H— C— COOH  H— C— COOH 

HO 

Raocmic  (igu^tntitnlivc). 


Bromine  addition :  Br  OH 

COOH— C— H  COOH— C— H  COOH— C~H 

II  fi'i  1  Br  KeaclimiwiihHiOi     OH 

I   *        V >\/'        _ 

H-C— COOH         H— C-COOH         H— C— COOfI 

I  )il,r^mn.s«cdnic.  ftUso-firtiric  (So  y. 

From  the  above  it  is  evident  that  in  the  case  of  maleic  acid 
oxidation  gives  cis^dditi  on -products,  while  halogen  addition 
yields  trans-derivatives.  On  the  other  hand,  fumaric  acid 
when  oxidised  produces  trans-addition -products,  and  adds  on 
halogens  in  the  cis-position. 

2.  Liebermann's  Explanation.' — To  explain  the  change  ol 
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isocinnamic  into  cinnamic  acid  under  the  action  of  heat  or 
light,  he  proposed  the  following  series  of  reactions : — 


C.H.     C- 

I 

:)OH— c— 


CO— C— H  H— C— CO 


C,H,-C— H 

-^      II 

H— C— COOH 


While  with  iodine  the  result  v 
of  allo-furfuT-acryJic  acid  ; ' — 


C.H,,0— C- 


-f.-— M     - 

HI 

CO   r^H 

~*        H- 

H 

^y^^ 

C.H,0— C- 

-H 

C^H.O- 
H- 

-C  -H 

1 
H— C- 
V 

-CO 

/ 

11 
-C— COOH 

A  variation  of  this  is  found  in  the  explanation  offered  by 
tauiomerism,  where  the  unstable  enolic  form  (produced  liy  a 
"■3ij(lcring  of  the  ethylene  hydrogen  atom  to  the  carbonyl  of 
ilic  carboxyl  group)  is  supposed  to  be  the  intermediate 
product  :— 


^C— C— H 

RO  1|     

COOH— C— H 


OH 


.     OH 
COOH— C— H 


H— C~COOH 

-      I 

COOH— C— H 
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3.  Skraup's  Explanation. — Skraup,^  in  his  researches  upoo 
the  transmutation  of  the  unsaturated  acids,  found  that  the 
ethane  derivatives  considered  by  Wislicenus  to  be  intermediate 
compounds,  were  actually  formed  during  the  course  of  trans- 
mutation, but  that  they  could  not  be  real  intermediate  com- 
pounds, as  they  were  stable  under  the  conditions  of  the 
experiment ;  nevertheless,  the  fact  that  such  compoimds  were 
always  formed,  even  if  in  very  small  quantity^  suggested  to 
Skraup  that  there  might  be  some  connection  between  their 
formation  and  the  transmutation  which  occurred  simultaneously. 
In  his  view^  the  one  reaction  had  a  catalytic  action  upon  the 
other;  or^  to  use  his  own  analogy,  the  addition  reaction  set 
up  in  the  ether  certain  waves  which  acted  upon  the  second 
reaction  just  as  sound-waves  act  upon  a  string  tuned  to  their 
note.  He  was  able  to  prove  also  that  this  catalytic  action 
was  found  in  the  case  of  both  endothermic  and  exothermic 
reactions.  Further,  he  showed  that  the  action  of  sulphuretted 
hydrogen  upon  the  maleates  of  the  heavy  metals  was  suffident 
to  convert  some  of  the  maleic  acid  into  fumaric ;  and  that  the 
amount  of  maleic  acid  thus  transformed  varied  according  to 
the  metal  chosen.     For  example  : — 


Salt. 


Per  cent,  of 
fumaric  formed. 


Copper  . 
I^ead .     . 
Nickel 
Cadmium 
Zinc   . 


137 

l6'2 

19 

198 

1-8 


4.  Werner's  Explanation. — This  hypothesis  is  based  upon 
the  idea  of  the  double  bond  put  forward  by  Werner,*  in 
wliich  he  supposes  that  only  a  very  small  fraction  of  the 
total  affinity  which  makes  up  the  double  bond  is  employed 
in  preventing  the  free  rotation  of  the  carbon  atoms  about  their 


*  See  p.  161. 

»  Skraup,  Monatsh .,  \a,  \^^  V>^V\. 
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axU  of  union.  Wutner  assumes  [hal  an  increase  of  temperature 
or  uther  influences  would  be  sufficient  to  overcome  this  slight 
resistance,  and  so  cause  the  atoms  to  group  themselves  in  the 
more  stable  r>osition. 

5.  Stewart's  Explanation.' — In  this  explanation,  the  for- 
mation and  disruption  of  a  tut  ram  ethylene  compound  by  inter- 
molecular  collisions  is  assumed.  In  the  case  of  the  conversion 
of  maleic  into  fumaric  acid  by  means  of  heat,  the  intermediate 
compound  would  be  a  tetramethylcne-i,2,3,4-tetra-carboxylic 
acid,  in  which,  probably,  the  carboxyl  groups  attached  to  the 
1,3-carbon  atoms  would  lie  *r\  the  side  of  the  ring  opposite  to 
those  attached  lo  the  3,4-aloms.  Such  a  (etramelhylene  ring 
might  split  apart  in  two  ways  :  either  by  breaking  the  linkings 
between  the  carbon  atoms  i  and  3,  3  and  4 ;  or  by  breaking 
those  joining  i  to  4  and  ■z  to  3.  In  the  former  case,  fumaric 
acid  is  formed;  in  the  latter,  maleic  acid  is  regenerated.  If, 
iiowever,  fumaric  acid  is  produced,  owing  lo  its  higher  melting- 
I'jinl,  it  is  immediately  withdrawn  from  fiirther  action,  while 
iiiali;ic  acid  is  free  lo  undergo  the  sanie  series  of  changes. 


COOH 

n  coon/| 


H 


COOH 


/ 


H 


/ 


COOH       H 
/  / 


,,, .,'11   H       /l    COOH/f  H        /    COOR/    H 

H  l!/H00C   }/       H    I/hOOC    /       H    /HOOC    / 

/       /      / ->       ^^-^ 

\  COOH    H  COOH    I 


/ 
[  COOH 

Fumaric  add. 


Fumaric  acid,  when  distilled  in  presence  of  phosphorus  [lent' 
o^ide,  ia  assumed  to  form  the  same  type  of  tetramelliylene 
derivative;  but  in  this  case  water  is  abstracted  from  ihe 
urboxyl  groups  attached  to  the  i,z  carbon  atoms,  and  also 
I'ltim  those  attached  to  the  3,4  atoms,  the  groups  in  each 
|ait  being  in  the  cis-position  to  one  another.  Owing  to  the 
piisence  of  the  two  anhydride  chains,  the  tetra  methylene  ring 


at^an,  >*TO-..  81,  73  (1905). 
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cannot  now  break  across  in  either  of  two  ways,  as  in  the 
case,  but  only  in  the  manner  shown  below ;  and  conseque 
its  disruption  produces  maleic  anhydride  : — 


COOH 

h1/" 

/ 

COOH 


/ 


COOH 


/ 


COOH  COOI 


/ 
H 


H 


/ 


/ 


*  H  KH 


COOH 


V 


H 


/ 


/ 


H 


/ 
H 


/ 
C 


CO— O— CO  / 


H  /I 


H 


/ 


/ 


/      / 
CO— O— CO 


/      / 

COOH  COOH 
yCO— O— CO 

C      C 
/   H  /   H 
H  /  H  / 
/>_=C 

CO—O— CO 


.  The  formation  of  fumaryl  chloride  from  maleic  anhydride 
means  of  pentachloride  of  phosphorus,  and  its  regeneration 
treating  the  fumaryl  chloride  with  silver  fumarate,  can  also 
explained  on  the  above  hypothesis,  so  that  the  complete  sei 
of  changes  shown  below  can  be  made  clear : — 

w|  Fumaric  acid  v 

Maleic  acid     <-     Maleic  anhydride 

Fumaryl  chloride  i/^ 

That  the  formation  of  such  an  intermediate  compound 
possible  is  proved  by  the  fact  that  in  some  cases  it  has  be 
found  that  ethylene  compounds  do  polymerise  in  this  wa 
e^,  cinnamic  acid  produces  truxillic  acid,^  stilbene  gives  ( 
stilbene,'^  cyclopentadiene  yields  a  bimolecular  compoum 


'  Kiibcr,  Ber.^  35,  2908  (1902) ;  Ciamician  and  Silber,  B^r.y  85,  41 
(1902). 

'  Ciamician  and  Silbei,  Bcr.y  36,  4129  (1902). 
^  Kraemer  and  Spilken,  Ber., «»,  SS"^  V^^N- 
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kcinnamylidene-malonic  acid  gives  diphenylene-tetramethylene- 
jbbmethylene-malonic  acid,^   and  all  these    break  down   on 
distillation  into  two  molecules  of  the  original  compound.     The 
objection  has  been  made  that  if  the  tetramethylene  ring  were 
actually  formed,  it  would  be  too  stable  to  break  down  spon- 
taneously.     This  may  be   met  by  supposing  that  the  ring 
is  not   actually  formed,  but  that,   instead^  a  mere   collision 
of  two  molecules  occurs,  and  that  this  collision  so  disturbs  the 
internal   equilibrium  that  when  the  molecules  separate   they 
=  split  apart  in  such  a  way  as  to  form  two  others  of  a  more 
[stable  type. 


§  VIII.   PFEIFFER'S  THEORY, 

Owing  to  the  inadequate  way  in  which  the  van't  Hoff-Le 
Bel  hypothesis  answers  the  demands  made  upon  it  by  the  work 
of  Michael,  another  theory  '•*  has  come  into  the  field,  which  seeks 
to  overcome  the  difficulty. 

Pfeiflfer,  in  the  first  place,  puts  aside  the  question  as  to  the 
direction  in  which  valency  acts  in  space ;  and  consequently 
gives  up  the  van*t  Hoff-Le  Bel  hypothesis  entirely.  He  supposes 
that  in  a  compound  of  the  type  ^^C .  Cti-j  the  groups  a  are 
arranged  at  the  corners  of  an  octahedron  whose  centre  is 
occupied  by  the  complex  C  :  C,  as  to  whose  character  he  makes 
DO  assumptions. 


^a 


.'V2 


KiG.  37. 

In  order  to  pass  from  the  ethane  series  to  the  olefines,  two 
«  groups  must  be  removed  from  the  molecule.     To  do  this 


^  Riiber,  Ber.^  86,  2908  (1902). 

•  PfeiiBer,  Za^,/Aysi/ta/.  C/um.^  48,  40  (1904). 
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in  the  most  symmetrical  mannt:r,  those  [jroups  marked  with 
circle  are  taken  away,  and  the  result  is  the  plane  fig: 
Conversion  of  this  define  compound  into  an  acetyl 
derivative  is  similarly  brought  about,  and  again  the  n 
symmetrical  way  of  removing  the  groups  is  to  take  tbd 
marked  with  circles  in  the  plane  figure. 

It  will  be  seen  that  there  Js  a  certain  similarity  beti 
such  space    formula;   and  those  suggested  by  ^Verner  for  t 
cobalt  and  platinum  compounds,  which  will  be  dealt  with  lat 
in  this  volume.* 

If  we  now  consider  the  reverse  process,  i.c,  addition, 
shall  find  that  the  new  atoms  must  be  added  on  in  the  trani 
position  to  one  another.     For  instance,  the  addition  ofbromia 
to  acetylene  dicarboxylic  acid  may  be  expressed  as  follows  :- 


,COOH 


Br         COOH 


The  addition  of  bromine  to  maleic  and  fumaric  acids  lakl 
place,  on  this  theory,  in  the  trans  position,  which  is  in  agrel 
ment  with  experimental  evidence  : — 


eOOII COOM  CMHJ COi 


ZEE^" 


*  SoeOuptetV.oCthiiptt. 
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This  theor>',  tlien,  accounts  for  the  main  facts  of  halogen 
iddition  to  the  unsaturated  compounds,  The  question  of  the 
nidation  of  these  bodies  is,  however,  not  quite  so  easy  to 
explain,  as  here  addition  takes  place  in  the  cis-position. 
PfeifTer  postulates  that  in  this  case  an  oxide  is  first  formed, 
which  forms  a  bridge,  then  adds  on  water  to  produce  the 
hyd TO xy-com pound  as  shown  in  Fig.  39  ; — 


\ 


coaij copH       I 


coon    .  ■  COOH     I 


VK:    39. 


This  explanation  is  just  as  good  as  the  van't  HofT-I.c  Bel 
one,  and  no  belter.  It  would  seem  that  a  complete  explana- 
tion of  these  phenomena  is  still  to  be  found ;  and  in  all 
probability  it  will  be  derived  from  a  fusion  of  both  the  van't 
Hoffand  the  Pfeiffer  theories. 

Bmni'  points  out  that  the  conclusions  arrived  at  by  Pfeiffer 
ate  in  agreement  with  the  rusults  obtained  by  himself  and  his 
Collaborators  from  a  study  of  solid  solutions.  He  gives  the 
following  table.  The  numbers  in  brackets  give  the  melting- 
points  of  ihe  substances : — 

AIti  K.  Accad.  Lincti.  |5|  13,  I.  C>26  (1904). 


From  these  results  BninJ  draws  the  conduuon  that  all 
compounds  in  the  third  colamn  of  the  table  have  the  fumaroid 

configuration,  which  agrees  with  what  is  known  of  their  other 
physical  and  chemical  properties ;  while  the  compounds  in  the 
second  column  are  maleinoid  in  character.  The  acetylene  acid 
saturated  compounds  range  themselves  together  with  th^ 
fumaroid  derivatives,  and  it  is  probable  that  they  have  analogoui 
configurations. 


5  IX.    COAtPOl/NDS   WITH  TWO   DOUBLE  BONDS. 

In  the  case  of  compounds  which  contain  two  double  bondf 

such  isomers  as  the  following  may  exist : — 

rt^.C:CR.CR'iG(*.     wi.C:CR.CR':CAr,     fl*.C:CR.CR':C^ 

Of  these  it  is  only  necessary  to  give  one  example  in  fulli 
as  the  others  can  easily  be  worked  out  on  the  same  principle :— 


R.C C.R' 

R.C C.R' 

R.C C.R' 

R.C C.R 

h.Ca  .j.Ch 

a.Q.b   bM.a 

a.C.6  «.(:.* 

t.M.a  ^.C-rt 

§  X.  SOME   UNEXPLAINED  CASES  OF  ISOMERISM 
JN  THE  ETHYLENE  SERIES. 

The  most  generally  quoted  case  is  that  of  the  ihree  varieties 
if  cinnamic  add.  According  to  the  commonly  accepted  ideas, 
his  compound  should  exist  in  two  stereoisomeric  forms ;  but 
ictually  three  are  known.  The  three  acids  are  sharply  dis- 
inguished  from  one  another,  both  in  their  own  physical  pro- 
perties and  in  those  of  their  salts.  Allo-cinnamic  is  more 
it^le  than  is  usually  the  case  with  labile  isomers,  as  it  can 
tie  repeatedly  melted  without  any  considerable  amount  being 
converted  into  the  ordinary  acid.  Common  cinnamic  in  all 
its  physical  properties  behaves  as  if  it  were  the  furaaroid  fomi 
of  allo-cinnamic;  but  in  chemical  properlies  the  conditions 
are  reversed ;  allo-cinnamic  appears  to  be  fumaroid  as  far  as 
chemical  actions  are  concerned.'  Another  peculiar  feature 
of  these  acids  is  that  their  dibromides  all  yield  the  same 
bromstyrol,  Erienmeyer  junior"*  has  proposed  the  following 
formula;  to  explain  the  extra  isomer : — 


QH.-C-H    QHs-C-H 

QHj-C-H 

C.H,-C-H 

COOH-C-H         H-C-COOH 

COOH-C-H 

cooh-c'h 

The  figures    with   free    valencies   are   intended   to    represent 
iiCKinnamic  acid. 

Another  exception  to  the  ordinary  ideas  is  to  be  found  in 
the  two  dibenzoyi-acetones  discovered  by  Claisen."  He 
rejects  as  inadequate  the  esplanation  offered  by  the  two 
foraiuifc : — 

C.H,r-C— OH  C,H„— C-OH 

i:h,co— C—CO-QH.         C,H.-CO— C— CO— CH„ 

'  Michael,  Her.,  84,  3<HO  ('9o'). 

'  Erienmeyer  janicii.  Amialfi,  287,  i  (iSoj) ;  Her..  36,  2340  (1903I. 

'  Clusen,  AnHoit^,  27;-  '?'  (1893). 
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and  prefers  the  foUowing,  where  the  differences  in  chenwill 
properties  are  explained  by  the  different  positions  of  ihl 
hydroxyl  and  carbonyl  groups  : — 

Cjl^-C=-=  C.Cd.QH,  CH^C=------C.CO.QH,  1 

I        j:-CH.  1  L 

no         X  HO  / 

O  CH, 


CHAPTER    III. 


§   I.   HISTORICAL, 


[ 

fc     GEOMETRICAL   ISOMERISM    IN   CARBON-NITROGEN 
^L  COMPOUNDS. 

In  1S83  Victor  Meyer  and  Goldschmidt '  prepared  a  dioxime 
of  beniil ;  and  later  in  tl\e  same  year  Goldschmidt '  synthesised 
a  second  benzil  dtoxime.  The  existence  of  this  second  isomer 
could  not  be  explained  by  any  theory  then  current,  and  in 
order  to  clear  up  the  matter,  V,  Meyer  and  Auwers*  investi- 
gated the  properties  of  the  two  compounds.  They  found  that 
instead  of  two  there  were  in  reality  three  isomers,  ail  of  which 
possessed  the  same  structural  formula  : — 

CH..C :  N.OH 

C,H,.C  :  N.OH 

To  explain  this,  they  assumed  that  the  free  rotation  of  two 
iingly  bound  carbon  atoms  about  their  common  axis  may  in 
cenain  cases  be  hindered ;  and  that  in  the  case  of  the  benzil 
diosimes  there  are  three  stable  positions  which  the  atom 
gtOQps  may  lake  up.  If,  for  the  sake  of  clearness,  we  represent 
the  group  =N,OH  by  the  two  letters  n — n,  the  following 
fonnulEe  represent  these  three  stable  positions  ;— 


'  V.  Mejrei  ud  Goldschmidt,  Set.,  16,  161G  (iSSj). 

'  Gold»clunidt,  ibid.,  le,  3176  (i88j). 

'  V,  Mejct  nnd  Auwcrs,  ibid.,  91,  f&4,  ^15,  J510  (IH8S)  -, 
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CsH,-C 

I    .  1 

«— C— CsH,  «-C-C,H, 


To  these  they  wtre  obliged '  to  add  a  fourth  :- 
C„H.. 


C„H, 

and  for  the  motioxime  of  benitil  three  similar  formulx  \ 
proposed. 

If  these  conceptions  held  good,  however,  there  should  be 
four  structurally  identical  isomers  of  benzil  monoxime  and  o( 
bciizil  itself;  but  up  to  the  present  only  two  such  isomers  of  tlie 
monoxime  have  been  found,  while  no  isomeride  having  iht 
same  structure  as  benzil  is  known. 

The  researches  of  Beckmann "  now  called  allention  to  Die 
isomerism  of  the  benzaldoximes.  It  was  shown  by  Gold- 
schmidl ''  that  the  two  isomeric  benzaldoximes  which  Beckmann 
had  discovered  were  not,  as  had  been  supposed,  structural 
isomers,  but  were  structurally  identical,  and  he  adde!. 
"  Perhaps  we  are  now  dealing  with  a  kind  of  stereoisomerism 
which  cannot  be  explained  in  terms  of  the  current  hypotheses." 
The  work  of  Goldschmidt  showed  the  unlenability  of  ihc 
Meyer-Auwers  hypothesis,  since  by  means  of  it  no  explanation 
could  be  given  which  accounted  for  the  known  facts.  The 
difficulty  of  explaining  why  the  isomerism  was  present  in  the 


'  V.  Meyef  and  Auwits,  ^fr.,  S3,  594  (1890). 
■  Ucckmnnn.  ibid.,  M,  2766  (1SS7)  ;  3S,  419. 
'  UoW>dimidl,iivJ.,»a,  il\a\li&q^. 


i3'IP889).  J 
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Case  of  tht;  derivalives  of  carbonyl  compounds  and  yet  not 
l>res«nt  in  the  case  of  the  root-compounds  themselves,  was  not 
sufmoimted  until  1S90,  when  Hant/sch  and  Werner  published 
their  paper  On  llu  Space  Arrangement  of  Atoms  in  Moleeules 
(mlaining  N'itrogen.' 


\  II.    THM    GENERAL    CHARACTER    OF    THE    STEKEO- 
ISOMERIC    CAHItON-NlTROCEiV    COMPOUNDS. 

1.  The  Necessary  Structural  Conditions.^ — It  has  been 
found  that  in  all  casus  where  stereoisomerism  is  observed  in 
the  case  of  carbon-nitrogen  compounds,  a  double  bond  is 
present  between  the  carbon  and  nitrogen  atoms ;  and  further, 
Lbat  when  this  double  bond  is  eliminated  by  reduction  the 
compound  loses  its  property  of  appearing  in  two  forms.  For 
example,  though  there  are  two  ben^aldoximes  known,  there  is 
aaly  one  benzyl-hydroxylamine ; — 


C.H,— C— H 


N.OH 


C,H.— CH, 


I 


Exisis  i 


The  double  bond  alone,  however,  is  not  sufficient  to 
produce  isomerism,  for  ben^ophenone  oxime  exists  in  only 
one  form.  It  has  been  ascertained  that  in  order  that  a  com- 
pound may  show  this  type  of  stereoisomerism  it  must  contain 
two  dissimilar  radicals  attached  to  the  carbon  atom,  which  is 
doubly  linked  to  the  nitrogen  atom  : — 


C„H,— C— C.H,.CH, 


N.OH 
Two  isomers  known. 


a  general  formula  the 


F 
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structural  conditions  which  must  be  fulfilled  in  order  to  render  I 
possible  the  appearance  of  stereoisomerism  in  these  CWit- 1 
pounds : — 


3.  The  number  of  Isomers  found. — If  a  compound  con- 
tains only  one  double  bond  between  a  carbon  and  a  nitrogen 
atom,  two  is  the  highest  number  of  isomeric  forms  obsened. 
If  more  than  one  such  double  bond  be  present  in  the  molecule. 
the  number  of  isomers  may  increase.  The  complexity  of  tht 
molecule  also  exercises  some  efTect  upon  the  number  of 
isomers  found.  Thus  in  the  case  of  benKaldoxime,  (I.),  (here 
are  two  isomers  known;  benzitdioxime,  (II.),  which  contains 
two  double  bonds,  gives  three  isomers ;  and  camphorquinonc, 
being  a  very  complicated  Iri-cyclic  compound,  gives  no  less 
than  four  isomeric  dioximes  (III.). 


(L)  C.HvCH  :  N.OH 
C„H,— C  :  N.OH 
C.H,-C:N.OH 

CH, 

CH,"  I  C :  N.OH 

(III.)     I       CH-C-CH.    I 

CH,.^  I  CrN.OH 


Jh, 


3.  The  Structural   Identity  of  the   Isomers. — The    eX'] 

haustive  researches  of  Victor  Meyer  and  Auwers,  which  thai 
latter  has  described  in  his  pamphlet  DU  Entwicklung  dtr\ 
Stcnoduinic,  proved  conclusively  that  the  isomerism  witlk'f 
vt^ch   we  are  now   dealing  couVd  nov  \jc  ie,fc«ed  to  i 
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djfoence  in  structure  between  the  two  isomers,  H  would 
Occupy  too  much  space  to  give  even  an  outline  of  these 
rwcarches,  and  it  will  suffice  if  we  take  one  or  two  examples 
of  ihe  reasoning  employed. 

in  the  case  of  the  benzaldoximes,  two  forms  are  known, 
Boiii  of  these  are  easily  split  up  |by  acids  into  hydroxylaraine 
and  the  original  aldehyde.  Leaving  for  the  moment  the 
question  of  the  beniene  nucleus,  there  are  three  possible  forms 
which  could  correspond  to  structural  differences  in  the  rest  of 
the  molecule : — 


O 


:  N.OH      C,H„ 


(I-) 


~CH— NH      C,H,— CH,— 
(11.)  (III.) 


1. 

KTbe  formula  (III.)  is  in  disagreement  with  alt  the  main 
[Koperties  of  the  substances,  both  of  which  are  colourless, 
while  a  compound  of  the  given  type  would  probably  be  blue, 
like  a  n it roso-com pound.  Further,  the  substances  dissolve 
easily  in  alkalis,  and  can  be  regained  unaltered  from  the 
alkaline  solution.  It  is  therefore  probable  that  if  the  isomerism 
were  structural  in  character,  it  could  best  be  expressed  by  the 
first  two  formula.  Such  an  explanation,  however,  does  not 
agree  with  the  ease  with  which  the  derivatives  of  one  form  are 
converted  into  those  of  the  other  form.  For  instance,  the 
acetyl  derivative  of  one  form  of  benzaldoxime  goes  over 
ilmost  instantaneously  into  the  other  form  when  acted  on  by 
moist  hydrochloric  acid.  The  change  is  much  more  easily 
iccomplished  than  is  usual  in  the  case  of  an  alteration  in 
(tmcture ;  and  it  recalls  rather  the  change  of  one  ethylene 
iiomer  into  another.  A  more  convincing  proof  is  to  be  found 
D  the  fact  that  certain  alkyl  derivatives  of  the  aldoximes  exist 
50t  only  in  two  isomeric  forms  corresponding  lo  the  formula 
il.CH  :  N.OR',  but  also  in  another  form  corresponding  to 
be  sliucture  isomer  :  — 


R.CH— N— R' 


J 
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',  obviously,  if  the  only  difference  between  the  two  (i: 
were  a  structural  one,  there  would  be  only  one  alkyl  derivatl't  1 
corresponding  to  each  oxime. 

Claus  *  has  put  forward  the  idea  that  the  aromatic  ketoxinies 
exist  in  two  forms,  owing  to  a  change  in  the  benzene  nuclei: 
one  isomer  being  represented  as  ; — 

CH  OH 

/l\  i 

HC\ i     CH— N 

HC     I     C  =  C-C,H, 

This  formula,  however,  stands  in  contradiction  lo  the 
character  of  the  substances. 


§   III.   HYPOTHESES    AS    TO     THE    MOLECULAR    CON- 
FIGURATION   OF    THE    CARBON-HITROGEN    ISOMERS. 

Since  the  cause  of  the  isomerism  which  was  observed  in 
these  compounds  could  not  be  a  structural  difference  between 
them,  the  only  remaining  explanation  was  a  slereochemial 
one.  In  the  historical  section,  a  brief  account  has  been  given 
of  one  attempt  to  explain  the  phenomena  ;  and  others  of  a  si 
character  were  put  forward  at  various  times."  The  mos 
probable  of  all  was  advanced  by  Hantzsch  and  Werner,'  and 
as  it  explains  practically  all  the  known  facts,  it  is  generally 
accepted  at  the  present  day. 


'  Claus.  J.fr.  Chtm.,  [a]  46,  389  (iSga) ; 
'  Wilgerodl,  itiJ.,  [a]  87,  441;   (18SS)  1 

llanfzsch  and  Wcrnei,  Bo.,  23,  n  ^iS^V 


Jost  as  van't  Hoff  assumed  that  the  four  valencies  of  a 
carbon  atom  were  tetrahedrally  situated  in  space,  Hantzsch 
aod  Werner  put  forward  the  hypothesis  that  the  three  \-alencies 
of  nitrogen  could  not  lie  in  a  plane.  Instead,  they  supposed 
(hat  in  certain  compounds  the  third  valency  lay  in  a  plane 
oiher  than  that  which  contained  the  first  two ;  and  they 
impressed  their  idea  as  follows  :^ 

"/«  certain  compounds  Ih  three  valtncits  of  the  nitrogen 
aim  act  toward  the  corners  of  a  {not  necessarily  regular) 
Mrahcdron,  in  whose  fourth  comer  the  nitrogen  atom  itself  is 
itltiated." 

By  means  of  this  hypothesis  it  is  easy  to  draw  a  parallel 
lielvfeen  the  cases  of  isomerism  in  the  ethylene  series  and 
those  which  occur  in  the  oximes  and  similar  compounds.  In 
tKeone  case  we  have  the  structure  (1.),  and  in  the  other  (11.) :— 


\ 


(I.) 


A— C- 


(11.) 


A-C- 


•Vjid  since  the  ethylenic  compounds  can  occur  ii 
fonns  corresponding  lo  the  formulae : — 


A— C— B 

II 


two  isomeric 


In  ruCL-nt  years  tht-rc  has  been  a  tendency  to  assume  ibat 
certain  symbols  actually  represent  the  whole  of  ihe  true  stale 
of  things  in  a  molecule,  and  this  literal  interpretation  of 
symbols  apart  from  their  implied  limitations  has  had  ibc 
effect  of  confusing  the  subject  to  a  very  considerable  extent 
It  cannot  be  too  strongly  insisted  that  the  grouping  which 
HanUsch  and  Werner  assumed  for  the  nitrogen  valencies  ii 
to  be  considered  as  the  e^ce/  of  forces  within  the  molecule 
and  must  not  be  supposed  to  be  in  itself  the  cause  of  the 
isomerism,  The  real  cause  of  the  space  position  of  the  group 
attached  to  the  nilrc^en  atom  by  a  single  bond  must  be  sought 
in  the  aitractions  which  the  other  groups  in  the  molecule  exert 
up>on  it.  A  crude  representation  of  the  matter  may  be  given 
by  assuming  that  the  attraction  is  due  to  static  electricity,  in' 
which  case  the  figure  below  indicates  the  state  of  affairs.  The 
pith-bail  Z  will  lend  to  rise  toward  B  rather  than  to  approach 
\,    and   if  ihe    forces   at  woik.'  vn  *iie  s^^Vtm  be   QtoQeilj 
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balanced,  it  will  remain  in  the  position  shown  by  the  dotted 
lines : — 


Now,  in  the  case  of  a  molecule  such  as  :- 


X— C 

II 
N 


— Y 


in  which  Z  is  situated  symmetrically  with  respect  to  X  and  Z, 
there  will  be  certain  forces  at  work  between  X  and  Z  on  the 
one  side,  and  Y  and  Z  on  the  other ;  and  it  is  to  be  expected 
that  if  the  forces  are  unequal  Z  will  leave  its  central  position 
and  will  tend  to  approach  either  X  or  Y.     Should  the  attrac- 
tion of  X  greatly  exceed  that  of  Y,  the  chance  of  Z  taking 
up  a  stable  position  near  Y  would  be  very  small :  in  such  a 
case  the  compound  would  probably  not   occur  in   isomeric 
forms;  and  the  existing  compound  would  correspond  to  an 
unsymmetrical  situation  of  Z.     It  is  easy  to  see  that  in  certain 
cases   it  might  be   possible  for  Z  to  assume  a  fairly  stable 
situation  near  X  or  near  Y.     In  this  case  two  isomers  would 
exist,  one  of  which  would  be  convertible  into  the  other  with 
great  ease. 

From  what  has  already  been  said,  the  possible  number  of 
isomers  for  a  given  case  can  be  deduced.  For  e\aTV\p\e,  \t\ 
the  case  of  a  compound  which  contains  one   doub\e  bo^^ 


aofi      STERFOISOHfFRfS,\f    WITHOUT  ACTIVITY 
between  a  carbon  and  a  nitrogen  atom,  there  should  be  l»o 


I 


In  the  case  where  two  such  double  bonds  exist,  the  tnattet  ii 
more  complicated,  since  here  three  isomers  are  possible 
Ihe  compound  is  symmetrical : — 


— C-A                 A-C— 

C-A 

N— Z                 Z-N 

Z— N 

A— C —  C— A 

N— Z    Z— N 

When  the  compound  is  unsymmetrical  in  structure,  yet  another 
isomer  is  possible,  making  four  in  all : — 


A— C C- 


-N  Z— N 

-C C— B 

N— Z   Z~N 


§    IV.    THE    CLASSIFICATION   AND   NOMENCLATURE 

THE    STEREOISOMERIC    CARBON-NITROGEN    COM- 
POUNDS. 

There  are  six  classes  of  the  isomers  which  are  explained 
by  the  Han izsch -Werner  hypothesis  -. — 
I.  Aldoximes. 
I.  Ketoximes  (including  dioximes). 
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3.  Hydrazones  (including  osazoncs). 

5.  Semicarba zones,  thiosemicarbazones,  and  thiosemi- 
carba/ides. 

Chlorimides  and  other  unimportant  compounds. 
Of  these  the  oximes  and  hydrazones  are  the  most  important. 

The  simplest  case  is  that  of  the  aldoximes,  in  which  the 
nomenclature  employed  is  as  follows,  If  the  hydroxyl  group 
lies  on  the  same  side  of  die  molecule  as  the  hydrogen  atom  of 
the  aldehyde,  the  compound  is  called  a  syn-aldoximc ;  while 
if  the  two  lie  on  opposite  sides  of  the  molecule,  it  is  termed  an 
a»&-aldoximt.  For  instance,  in  tlie  case  of  benzaldoxime  the 
Iw  forms  are : — 


C,H,— C— H  -  C,H,— C— H 

a  II 

N— OH  HO— N 

Bcmsynaldoximc.  B<ii«in(ial<lojiime. 


I^n  the  case  of  the  ketoximes  a  similar  method  is  adopted. 
It  will  be  made  clearest  by  using  a  practical  example.  Phenyl- 
tolyl-ketoxime  occurs  in  two  forms,  which  are  distinguished 
from  one  another  by  the  use  of  the  terms  syii-  and  anti-, 
just  as  in  the  last  case.  Here,  when  the  hydroxyl  group  is  on 
ihe  same  side  of  the  molecule  as  the  phenyl  radical,  the  sub- 
stance is  called  "syn-phenyl-tolyl-ketoxime;"  while  if  the  phenyl 
and  hydroxyl  groups  are  on  opposite  sides  of  the  molecule,  the 
compound  is  termed  "  anti-phenyl-tolyl-keloxime." 


\ 


C.H5— C— CH,.CHs  QH— C— r„H..CH, 

HO-N  N— OH 

Syn-iihenyl-ri.lyl-kcloiimi:.  Anti-phenyl-rulyl-kuKnime. 


When  there  are  two  oxime  groups  in  the  same  compound, 
for  example,  in  the  case  of  benzil  dioxime,  another  nomencla- 
Inre  is  used.  The  prefix  syn^  is  used  when  the  two  hydroxy! 
groups  are  in  proximity  to  one  another;  the  prefix  anti-  when 
iJiey  are  turned  away  from  one  another ;  and  the  position  intet- 
mediate  heiween  these  two  is  called  the  amphi-  posiUon. 
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CflHr, — C- 


-C QHr, 


NOH   HON 

Bcnzil-syn-clioxime. 


C«Hr — (- 


'8**^8 


CH.— C 


•C-QH.1 


NOH 

Iknzil-amphi^ioxime. 


HON  NOH 

Benzil-anti-dioxime. 

C-C,H« 

II 
NOH 


§   V.    THE  DETERMINATION  OF  THE  CONFIGURATION 
OF  CARBON-NITROGEN  STEREOISOMERS. 

In  the  case  of  the  ethylene  stereoisomers  it  was  taken  for 
granted  that  in  intramolecular  reactions,  changes  will  occur 
most  easily  when  the  reacting  atoms  are  situated  near  one 
another  in  the  molecule.  The  methods  employed  for  the 
determination  of  the  configuration  of  the  carbon-nitrogen 
isomers  are  based  upon  the  same  assumption.  An  account 
of  these  methods  must  now  be  given. 

1.  Aldoximes. — One  of  the  principal  properties  of  the 
aldoximes  is  the  ease  with  which  they  lose  water,  being  con- 
verted into  nitriles : — 

R.CHrN.OH  =  R.CN  +  H^O 
Now,  the  aldoxime  may  consist  of  either  (I.)  or  (11.) : — 


R— C— H 


HO— N 

(I.) 


R~C— H 

II 

N— OH 

(11.) 


It  is  evident  that  in  the  compound  (I.)  the  hydrogen  and 
hydroxyl  are  much  further  apart  than  in  the  case  of  (II.); 
and,  consequently,  we  might  suppose  that  in  the  case  of  (I.)  it 
would  be  harder  to  eliminate  the  water  than  would  be  the  case 
if  we  were  dealing  with  (II.)i  where  the  two  constituents  are 
situated  nearer  together.    TVve  cas^  dos^^^  x^s^mbles  that  of 


he  anhydride  formation  of  maleic  and  fumaric  acids.  If,  thenj 
he  HaaViSch-WeTnei  hypothesis  were  true,  we  should  espect 
to  find  differences  in  the  ease  willi  which  water  is  liberated 
ftom  the  two  isomers ;  and,  as  a  matter  of  fact,  such  differences 
do  exist.  In  order  to  make  the  difference  clear,  it  is  usually 
found  best  to  employ  ihe  acetate  of  the  oxime  instead  of  the 
Oxime  itself.  When  the  acetates  of  the  two  oxJmes  are  warmed 
nith  sodium  carbonate  solution,  the  one  breaks  down  at  once 
into  the  nitrile  and  acetic  acid,  while  the  other  remains  un- 
atlacked.  Hydrochloric  acid  has  a  similar  action,  but  causes 
transmutation  at  the  same  time.'  From  this  behaviour  it  may 
be  inferred  that  the  oxime  which  yields  the  nitrile  has  the 
hydrogen  and  hydrosyl  nearer  to  one  another  than  is  the  case 
with  the  undecomposed  oiume.  We  should,  therefore,  attribute 
the  "  syn- "  form  to  the  former,  and  ihe  "  anti- "  form  to  the 
latter,' 

Instead  of  the  acetate,  the  carbani lido-derivative  of  the 
oxime  may  be  used  in  the  determination  of  the  configuration, 
since  the  one  carbani Udo-detivalive  decomposes  spontaneously 
un  standing,  while  the  otiier  may  be  kept  for  a  considerable 
time  without  change.  The  same  difference  in  stability  of  these 
rampoimds  is  shown  when  they  are  heated,  the  one  substance 
breaking  up  and  yielding  a  nitrile  when  its  temperature  is 
'aised  lo  its  melting-point,  while  the  other  body  must  be 
>>Kiled  to  a  higher  temperature  before  the  decomposition  takes 
place.  The  syn-compounds  are  probably  those  which  break 
down  most  easily. 


*  The  piactical  details  o(  the  method  btc  as  fulluivs.  The  aldoxime 
tbosc  conliguralion  is  to  be  detei mined  is  gently  wanned  with  Bcelic 
iLibydride  until  it  dissolves ;  aftei  which  it  is  cuoled.  The  solutiun  usually 
'miius  cleai,  but  if  an  oil  sepuale&out  (indicating  niliilefoimationand  ihc 
piBcnce  o{  synaldoxime),  it  must  be  tillered  off.  Solid  sodium  carbonate 
is  Quw  added  tu  the  solution,  which  causes  the  precipitaliun  of  an  oil.  In 
Itic  ote  of  the  onti-derlvatlve,  this  oil  is  the  acetyl  derivative  of  the  oxime  ; 
in  the  ca:<e  of  the  syn-Uerivative,  it  is  Ihe  nllrile.  If  caustic  soda  solution 
k  l;oW  added,  the  acetyl  derivative  will  dissolve,  while  [he  iiiliile  is  lefi 
unduQged. 

>  iSiavnniand  Vasitllo,  Cituata,  20,  L,  456  (IU96). 
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r" 


P 


From  the  ease  with  wliich  aliphalic  oximes  split  off 

id  Ijeconie  converted  into  iiilriles,  it  may  be  concludec 

they  beha^  to  the  syn-variety.     On\v  ^^^  <^^  ^'*'^  ixutano 


mown,  e^.  acetaldoxime  and  oaoaiilliaidoxime,'  in  which  two 
[JDrms  have  been  isolated;  and  even  in  these  Ciises  it  is  not 
\\mXe  certain  that  the  two  compounds  are  stereoisomers. 

The  oximes  of  furfurol  and  thiophene- aldehyde  have  been 
isolated  in  both  configurations:  the  syn-compounds  are  formed 
in  neutral  solution,  the  anti-compounds  when  an  alkaline  solu- 
tion is  used. 

When  hydroxy  lam  ine  is  allowed  to  act  directly  upon  an 
aromatic  aldehyde,  it  appears  to  produce  an  anti-aldoxime, 
which  generally  can  be  changed  into  the  syn-form  by  conversion 
into  the  hydrochloride,  and  subsequent  decomposition  with 
sodium  carbonate.  In  the  cases  where  this  method  of  trans- 
mutation fails,  the  syn-form  is  obtained  by  the  action  of  sodium 
ethylate  upon  the  bisnitrosyl  compound.  Cinnamic  aldehyde 
is  an  exce])tion  to  this  rule,  for  here  the  greater  [jart  of  the 
compound  formed  by  direct  oximalion  is  the  syn-form,'-'  while 
the  anti-form  is  produced  in  very  small  quantity." 

The  aldoximes  of  most  aliphatic  series  occur  in  one  form 
only.  It  is  probable  that  they  are  syn-compounds,  and  not 
merely  substances  in  which  the  hydroxyl  group  is  symmetrically 
placed  with  regard  to  the  hydrogen  atom  and  alkyl  group. 
Or,  lo  express  the  idea  graphically,  ihey  exist  as  (1.)  and  not 
»  {II.)  :- 


R— C— H 

1 


R— C— H 

I 


N 


»N— OH  I 

OH 
(I.)  (II.) 

The  fatty-aromatic  aldoxime,  pheoyl-acetaldoxime,  seems  to 
lie  of  a  similar  configuration.  It  exists  in  only  one  form,  but 
lis  acetate  has  been  found  in  two  forms.' 

It  is  probable  that  those  ortho- substituted  aromatic  oximes 
»iiich  exist  in  only  one  form    are  of  the  anti-configuration. 

'  Dollfnss,  Utr..  2S,  ig[6  (iSrji)  ;  CuWschmidl  .ind  Zanoli,  ibid.,  26, 
iS96(t89a). 

'  Dollfnss,  ihid.,  SB,  1919  (iSgi). 

•  Bxroboeer  and  GoUschmidi,  Hi,/ ,  27,  j^aS  (1S94), 
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This  has  been  proved  in  the  cases  of  Molylaldoxime,'  ^^s- 
aldoxime,***  and  ^-hydroxybenzaldoxime.'  To  the  anti-fonn 
belong  also  meta-  and  para-hydroxybenzaldoximes. 

2.  Eetozimes. — When  a  ketoxime  is  treated  with  certain 
reagents  (sulphuric  acid,  hydrochloric  acid,  acid  chlorides  and 
anhydrides,  phosphorus  pentachloride),  it  undergoes  a  peculiar 
intramolecular  change  called  the  Beckmann  rearrangement,* 
which  occurs  in  two  stages,  the  first  stage  being  an  exchange 
of  structural  position  between  the  hydroxyl  and  one  of  the 
radicals  united  to  the  doubly  linked  carbon  atom : — 

C:N.OH    >        ^C:N.Y 

Y  HO 

This  intermediate  compound  is  then  rearranged  into  an  acid 
amide : — 

\ 

C:N.Y       >  C.NHY 

If  we  consider  what  will  happen  in  the  case  of  two  stereo- 
isomeric  ketoximes,  it  will  be  evident  that  each  body  will  give 
a  different  product ;  since  in  the  one  case  the  one  group  ^^ 
nearest  the  hydroxyl,  while  in  the  other  case  it  is  the  second 
radical  of  the  ketone  which  lies  on  the  same  side  of  the  molecule 
as  the  hydroxyl : — 

X— C  -  -Y  X— C— OH  X— C :  O 

\\     >  II 


N— OH  N Y  NH.> 

X C— Y  HO— C— Y  0:C-^ 

\\        II  >  II > 


HO— N  X N  X.NH 


»  Dollfuss,  Ber.^  26,  1921  (1892). 
=  Dollfuss,  ibid.,  25,  1933  (1892). 

'  Lach,   ibid.,  16,    1780  (1883);  Beckmann,  ibid,,  28,   3320  (1890  > 
Dollfuss,  ihid.,  26,  1925  (1892V 

'  iicckmann,  ibid,,  19,  9&&U^^V»^^>V^.'^^'^VV^t^N''^<^^'^<^^^ 


"has  in  the  one  case  the  amide  of  the  acid  X.COOH 
armed,  while  in  the  second  instance  the  amide  of  V.COOH 
}  produced ;  from  which  we  may  deduce  that  whichever 
adical  goes  to  form  the  acid  part  of  the  final  product  was 
ituated  in  the  anti-position  to  the  hydroKyI  in  the  original 
:ompoiind. 

A  concrete  example  may  be  given.  There  are  two  sterco- 
someric  /-metho.xy-benzophenone  oximes  known.  The  one, 
when  subjected  to  the  Beckmann  change,  yields  the  anilide 
tf  anisic  acid,  while  the  second  isomer  produces  benzoic  ani- 
iide.  From  the  steric  point  of  view,  these  results  are  explained 
IS  shown  below : — 

-c— c.ii,— ocH,  iio-c— c,ir,-ocH,  0:C— C.H,— ocir, 

I 


tfc 


HO-N  C,H,— N  C,ir,— Nil 

^yn-phenyl-inisyl  kctoaimc.  Aninic  aiiilidi'. 

C.lli— C— C.H,— OCH,    C.H,— C— OH  C,TI,-C:0 

II    fl  »  I        s.      I 

N— OH  N— C,H,— OCH.      NH-C.H.-OCH, 

Syn-anisj'l -phenyl  keloximc.  Benioie  aniside.     • 

It  has  been  observed  that  some  reagents  which  produce 
the  Becltmann  change  have  also  the  faculty  of  transmuting  the 
one  isomer  into  the  other  under  the  same  conditions.  Such 
substances  as  concentrated  sulphuric  acid,  acetyl  chloride,  or  a 
mixture  of  acetic  acid,  acetic  anhydride,  and  hydrochloric  acid, 
cannot,  therefore,  be  employed  in  configuration  determinations, 
as  their  use  would  introduce  a  fresh  element  of  uncertainty  into 
the  problem.  Tlie  best  method  is  to  treat  an  ethereal  solu- 
tion of  the  oxime  with  phosphorus  pentachloride,  keeping  the 
temperature  below  —  io°  C 

The  oximes  of  saturated  aliphatic  ketones  have,  up  to  the 
present,  been  observed  to  occur  in  one  form  only.  When 
these  oximes  are  subjected  to  the  Recltmaiin  change,  a  mixture 
of  the  two  possible  products  is  produced;  and  it  has  not  yet 
been  decided  whether  this  result  is  due  to  the  presence  of  a 
mixture  of  isomeric  oximes  in  the  original  compound,  or  to 


I 
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a  partial  trans  mutation  taking  place  while  thi 
progress.  It  is  quite  possible  that  the  hydroxyl  group  in  tliese 
cases  does  not  lie  near  either  of  the  two  alkyl  radicals,  but 
instead  takes  up  a  position  midway  between  the  two,  as  shoro 
in  the  formula  below : — 

R— C— R' 


!,„ 


In  this  case,  when  the  Beckmnnn  rearrangement  came  inta 
play,  there  would  he  no  reason  why  half  the  substance  should' 
not  be  drawn  to  the  one  side  of  the  moieculc,  while  the  other 
half  reacted  in  the  opposite  way.  This  also  would  produce  ft 
mixture  of  the  isomers  in  the  reaction -product. 

Some  cases  of  stereoisomerism  have  been  observed  among 

unsaturated  ketones  of  the  aliphatic  series,'  so  that  it  appeaic 
,hat  the  introduction  into  the  molecule  of  a  double  bond 
between  two  carbon  atoms  tends  to  favour  the  production  of 
isomerism.  This  is  probably  due  to  the  change  in  chemical 
character  brought  about  when  a  saturated  radical  is  converted 

)  an  unsaturated  one. 

The  oximc  of  the  alicyclJc  ketone  hexabydropropio-phcnone, 
C,H]j — CO — C,H|i,  apparently  has  the  formula  : — 

C.H„— C— C,H> 

HO-N 

When  an  aromatic  nucleus  is  introduced  into  the  ketoni£ 
structure,  the  possibility  of  stereoisomerism  occurring  appean 
to  be  increased,  for  several  oximes  of  fatly-aromatic  keton«> 
have  been  obtained  in  two  forms ;  e^.  benzil  monoxtax^* 


'  Hnrries  anil   Jnlilontki,  fer.,  SI,    1371    (1898);    Knonenngel  kiid 
Colitschmidi,  MJ,,  2465  ;  Harncs,  ihid.,  3S,  1320  (1S99). 

'  V.  Meyei  and  Auwecs,  *V.,  S9,  540  ( 18S9)  i  Httkmann  and  Koesli 
^h^mAm,  STf  6  (iSgj). 
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^ydro  -  benzophenone     osime,'     benzoin     oxime,'    and 
"■-bromo-acciophenone  oxime.' 

When  both  ihe  radicals  attnched  to  the  carbonyl  group  of 
it  ketone  are  aromatic,  stereoisomerism  in  the  oximes  may  be 
Kpected  almost  as  a  matttr  of  course,  when  the  structure  is 
suitable.  By  far  the  greater  number  of  the  known  cases  of 
stereoisomerism  in  the  oxime  series  come  under  this  head. 

A  few  o\imes  of  ketonic  acids  have  been  isolated  in  two 
siereoisomeric  forms ;  and  it  may  be  interesting  to  indicate 
bow  the  configurations  of  two  of  these  oxiraido-acids  were 
lie  term  ined. 

When  the  acetate  of  the  ^-phenyl ox imido-ace tic  acid  is 
Heated  with  sodium  (iarbonale,  it  yields  benzonittilc  quanti- 
tatively ;  and  thus  resembles  a  synaldoxime  in  behaviour.  The 
acetyl  derivative  of  the  a-isomer,  on  the  other  hand,  when 
similarly  treated,  merely  regenerates  the  original  oximido-acid. 
The  configurations  of  the  two  isomers  are  therefore  probably 
those  shown  below  :— 

C.H,— C— COOH  C„Hi— C-COOH 

N— OH  HO— N 

j9-isomcr.  n-isotocr. 

As  a  general  rule,  it  may  be  said  that  those  oximido-acids 
which  have  the  carboxyl  and  hydroxyl  groups  in  the  syn- 
posilion  to  one  another  lose  carbon  dioxide  from  the  carboxyi 
group  less  readily  than  is  the  case  with  the  other  series  of 
stereoisomers.  From  this  it  was  deduced  that  the  acid  pro- 
duced by  the  aclion  of  nitrous  acid  upon  succinylo-su 
DSter  had  the  configuration  : — 

EtO.CO.C.CH..COOH 

II 
HO.N 


Schanin,  Btr.,20,  3S6z  (1897). 
Werner,  iOJ.,  23,  2J33  (1890). 
Xoncn  and  Sclioll,  Mf.,  84,  1902  tiQOiV 


I 
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TIie  second  isomer  was  produced  by  the  action  of  hydra 
amine  upon  oxalacetic  ester;   and   to  it  was  atlributed  thel 
configuration : — 

EtO.CO.C.CHn.COOH 

II 
N.OH 

Confirmatory  evidence  was  found  in  the  faci  that  the 
of  acetancetic  esler  which  possesses  the  configuration  : — 

CH,— C— CH^COOEt 

II 

N— OH 

gives  a  violet  coloration  with  ferric  chloride,  which  coloration 
is  given  by  Ihe  second  isomer  of  oximido-succinic  acid.  The 
first  isomer  does  not  give  this  violet  colour,  but  only  a 
yellow  one. 

The  configuration  of  the  oxime  of  acetoacetic  ester  is 
deduced  from  the  ease  with  which  it  forms  an  oxasolone 
derivative  : — 

CH,.C— CHj— COOEt  CH,— C— CH,— CO 

\  >  II  I 

N— OH  N O 

Nothing  definite  is  known  as  to  the  configurations  of  those 
quinone  monoximes  which  have  been  isolated  in  two  forms. 

In  the  course  of  his  researches  on  the  ben/hydro\iniic  acids, 
Lossen '  discovered  a  series  of  isomers  which,  according  to 
himj  show  differences  in  character  which  cannot  be  well  ex- 
plained by  any  difference  in  their  structures.  It  seems  very 
probable  that  here  again  the  isomerism  is  of  a  sieric  type,  and 
that  the  two  compounds  are  space  isomers  of  the  following 
configurations : — 


R— C— OX  R~C— OX 


k    _ 


y 
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I  which  X  may  be  either  an  acyl  or  an  alkyl  radical.  The 
ases  in  which  the  evidence  in  favour  of  this  view  is  strongest 
Lie  furnished  by  the  methyl-  and  ethyl-benzhydroximic  acids. 
A^hen  subjected  to  Beckmann's  reaction,  the  isomers  with  the, 
ower  melting-points  give  the  ordinary  change  and  produce 
vyl-urethanes ;  while  those  with  the  higher  melting-points 
merely  give  phosphoric  esters  of  the  original  compounds  This 
behaviour  can  be  explained  as  follows : — 


QH,— C— OEt 

1         — 
HO— N 

C,H,— C— OEt 

3 


HO— C— OEt 


0:C— OEt 


CaHk— N 


C«H«— NH 


f 


N-OH  -fPCl5+H30  =  5HCl  + 


QH„— C— OEt 


N— O 


PO 


From  this  it  would  appear  that  the  forms  with  the  lower 
melting-points  belong  to  the  syn-series,  while  the  others  are 
anti-varieties. 


QH«— C— O— R 


QH5— C-0— R 


HO— N 
(I.) 


N— OH 

(II.) 


It  is  obvious  that,  in  the  case  of  (H.),  the  Beckmann  change 
does  not  occur,  because  no  real  difference  in  the  radicals  would 
be  produced  by  the  exchange  of  a  hydroxyl  for  an  ethoxyl 

group : — 

QHs— C— OR  QH-C— OH 

II >  II 

N-OH  N— OR 

We  must  now  turn  to  the  class  of  dioximes.  Only  a  few 
^oxinies  of  aliphatic  ketones  are  known.  They  are  not  of 
^^Vj  much  importance. 

Not  many  dioximes  of  fatty-aromatic  ketones  have  been 
]solated  in  stereoisomeric  forms.  The  following  table  g\vt^  axv 
*dea  of  how  the  conGgurations  are  determyied  : — 
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Among  the  dioximes  of  aromatic  ketones,  the  most  impor- 
it  of  all  are  ihe  dioximes  of  benzil,  which  exist  in  the  three 
rms  syn-,  amphi-,  and  anti-.  The  configurations  of  the 
jmers  have  been  deduced  from  the  degree  of  ease  with  which 
«y  form  diphenyl-furaian.  When  the  ether  of  one  isomer  (the 
isomer)  is  hydrolysed,  the  furazan  derivative  is  produced  in 
le  process.  This  proves  that  the  two  hydroxy!  groups  of  the 
ioxime  must  be  in  close  proximity  to  one  another,  and  it  is 
included  thai  the  isomer  in  question  must  be  the  syn-form. 


C,H»-C- 


-C— C,H, 


N.OH  HO.N 
m-r(M.P.  164-166°  C). 


f\H,— C — -C— QH, 


0 


Inolher  isomer,  the  /3-compound,  .which  appears  to  be  the 
nost  stable  of  all,  is  produced  whenever  tlic  reaction  of  oxima- 
ion  is  energetic;  it  is  therefore  supposed  to  he  the  anti-form, 
rhich  gives  least  opportunity  for  anhydride  formation  :— 


C,H,— C- 


-C— C„H, 


HO— N  N— OH 

M.r.  206-207'"  c. 

e  a-isomer,  whose  stability  appears  to  lie  hutwcen  thosu  of 
other  two,  is  probably  the  amphi-form  ;— 


N— OHN— OH 

M,P,  iil°C. 

l-'urlhcr  evidence  is  supplied  hy  the  results  of  the  Beckmann 
!).tnge  upon  the  three  bodies,  but  it  does  not  agree  with  that 
iveu  above.'    j8-bendl-dioxime  gives  oxanilide  .— 

r,H,— C C— QH.  0 :  C C :  O 

8       J »        I        I 

HO-N        N— OH  QH..NH     NH.CH, 


■.AnnaitH,  874,  15  U*9SV 
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a-benzil-dioxime  yields  dibenr^nylazoximc  : — 

0 

/\ 

C.II.-C C-C,H,  C,H.-C-OHHO-N  C.H,-C    N 

II  II       -9-      I  II       -»      a   r 

N~OHHO-N  N C-C.H,  N-C-C, 

y-benzil-dioxime  produces  benzoyl-phenyk 

C,ll,-C C-C,H,  HO-C N 

g         g  ->  II  I       ^-M 

HO-NHO-N  C,n.-N  HO-C-C,lI.  CHj-NH  CO-C 

From  these  results  the  following  configurations  arc  deduciUe 

C„H.-C-C-C.H,      C^i^-C C-C,H,      C,H,-C C-< 

M  II        n  II  I 

HO-N  N-OH  HO-N    HON  N-OH  iltt-N 

(fl.)  (7-)  ("■) 

These  configurations  agree  with  those  previously  consida 
only  as  regards  the  ^-isomer.  The  weight  of  evidence,  hi 
ever,  appears  to  lie  on  the  side  of  the  second  set  of  deduclie 
For  if  we  consider  two  syntheses  of  the  y-isomer,  in  the  t 
case  from  y-monoxime  and  in  the  other  case  from  ^-beoid 
oxime,  both  of  whose  configurations  have  been  determined 
the  action  of  Beckniann's  change,  we  find  the  following  :■ 

CHi-C-CO-QH,  C,HH^-CHOH-CJ 

«  .  ,'       :: 

""  HO-N 


HO-N  \  /  ] 

T-bcn«il-Di..noxime.    \  / 


r„H„-r r-c.H, 

II  II 

HO-N    HO-N 


, 


This  is  the  only  possible  formula  if  one  of  the  hydroxyl  gcg 
is  in  ft  syn-posilion  to  a  phenyl  group ;  the  only  other  posfi 
formula  which  fulfils  this  condition  being  that  which  has  b 
definitely  assigned  lo  the  ^-isomer  :— 

<;;h„— c — (-'— c„H,, 

I       II 

HO— N  N— t)H 


i 


rs  may  now  be  given  :  - 

•A 


•A 


rt 

4> 


I 

O 

I 

X 

o   x  jS 


c 
o 


U- 


U 


<A 


X. 


■^§55rj57;mn^^^in^ 


/ 
\ 


J 


a> 


"  o 


5^ 


O 


'.J 


-SSuvqos^ii^^^^^^^P^ 
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No  definite  configu rations  have  been  assigned  to  the  oi 
dioximes  of  the  aromatic  ketones,  though  several  attempts  ha 
been  made  to  deduce  their  configurations  from  analogy  with  tb 
dioximes  of  ben/il. 

The   case    of  the   dioximes    of  cam phorqui none  may 
mentioned,  as  here  all  the  four  possible  forms  have  b 
isolated,  the    first  three    by    Manasse/    and    the    fourth  I 
Angetico.'    Forster^  has  studied  the  four  isomers  and  find 
the  following : — 


M.P.    Ml. in  ■IcalwL      (■],  bslLHtOH. 


3.  Hydra zoneB. '^Though  it  is  practically  certain  that 
cases  of  isomerism  in  the  hydrazone  series  are  due  to  spirail 
differences  between  the  two  isomers,  no  certain  method  lias 
yet  been  devised  by  which  the  configuration  of  the  isomers  can 
be  deduced.  The  methods  which  can  be  employed  in  the 
of  the  oximes  cannot  be  utilised  in  the  case  of  the  hydrazoDe^ 


'  Manasae,  Btr.,  B6,  243  {:893). 

•  Angelica,  AIti  Jt.  Aeiad.  iw//,  J5]9,  H.,  47(1900). 

'  Forster,  Trans.,  89,  514  (1903). 

'  RcFeiiaice  may  be  midc  to  papeis  on  the  pheoyUiydruoncs  oJ 
acetaldehydc  [Fischer,  Brr.,  S9,  793  (1896)^;  anisyl-phenyl- 
[HaniiKh  and  Krafi,  ibid,,  B4,  3526  (1S91) ;  Auweii  and  V.  Mqrffi 
iiid.,21,.  4226  (1891);  Claus,  7. /r.  CAm.,  [s]  «,  377|i89a)i  47,  " 
(l!i9j) ;  HaDlzsch,  Ji/r.,  86,  1699(1^2)]  ;  bcnioin  [I'ickel,  Annalai, 
ai9  (1886)  i  Voglheir,  Ber.,  SS,  637  (189*} !  SmJlh  and  Ransom.  Am. 
CAtm.  y.,  16,  loS  (lS94)l:  salicylic  aldehyde  [Bihi,  Ber.,  ST.  ulS 
(1S96))  ;  lienzaldehyde  {Thicle  and  Pickanl,  ibid.,  SI,  1249  (1S9S)] :  loil 
m  ihc  DSBioncs  of  beniil  [Ingle  and  Mann,  Trans.,  BT.  606  (iS9;)i 
MInunni  and  Rapp,  Gatsellii,  £6,  [I.]  444  (1S96)  ;  Uilu,  AilttaUH.  W, 
165  (1899);  BillE  and  hmmc,  ibUi.,  SSI,  1  (1902)!;  .salicylic  aldchyl' 
[liilU,  ibid.,  300,  179  (1S99)]  ;  anisoldcliyde  [Bilu,  ib%d.,  3M.  7  (lE^glj. 
This  liM  u  merely  one  of  iUu&ltnliNc  e)A\a^\c^  mAu.'cqv  i:A»a9tcJdE. 
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n  one  or  two  cases  attempts  have  been  made  to  prove  the 
x>n6guration  of  certain  derivatives,  and  it  may  be  interesting 
o  describe  them  here. 

From  analogy  it  is  deduced  that  the  benzil-osazone  having 
the  highest  melting-point  (j8,  M.P.  225"  C.)  is  the  anti- isomer ; — 

CgHg — C — C — CflH  5 


CH.— NH— N     N— NH— QH5 

while  the  isomer  with  the  lower  melting-point  (a,  M.P.  208''  C.) 
is  the  synisomer  : — 

CeHg — C C — CeHg 


N— NH-CH«   aH«— NH— N 


Now  when  the  a-isomer  of  benzaldehyde  phenylhydrazone  is 
gently  oxidised,  it  yields  syn-benzil-osazone ;  while  /3-benzal- 
dehyde  phenylhydrazone  gives  the  anti-isomer.  From  this  it  is 
deduced  that  the  formulae  for  the  two  isomers  must  be  those 
shown  below : — 


aH.c 


C-CH 


6'*a 


N— NH— CH.  C«H.— NH— N 


6**5 


(«.) 


QH,-C- 


— C-CH 


6**6 


QH.NH— N 


N— NH-C«H, 


6*-*& 


(3.) 


It  does  not  appear  at  all  likely  that  the  configuration  of  the 
bydrazones  can  be  determined  by  the  crude  methods  at  present 
at  our  disposal. 

Crocker  *  has  isolated  two  forms  of  picryl-picrimino-thiocar- 
bonic  methyl  ester,  which  appear  to  have  the  configurations  : — 

CH,-O-C-S-QHa(N0,),  CH3-O-C  S-C«H,(N0,)3 


N-C.H,(NO.), 


(N02)AH,— N 


'  Crocker,  Tram,,  82,  436  (1902). 
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4.  Anils.— The  question  of  the  existence  of  stereoisomm 

■  anils  appears  to  be  as  yet  unsettled.     On  the  one  hand,  Simon 

maintains  that  these  isomers  do  not  exist ;  while  Miller  ai 

Pli>clil  ■^  state  that  thuy  have  obtained  derivatives  of  the  type  :- 

K— C— R, 


Eibner  and  Peltzer '  isolated  two  isomers  which,  according  H 
Miller  and  Plochl's  view,  would  be  of  the  type  : — 
CH,r-CH C— CH,  CH,— CH C— CH, 

I  fl  ID 

C,H,— NH    C.H^N  CHa— NH        N— CH, 

Eibner,  however,  prefers  to  consider  this  as  a  case  of  ethyleM 
isomerism ;  *  and  supposes  them  to  have  the  constitution  a 
configurations  yiven  below  :^ 

CH^CH — c-H  chh::h c- 

I  II  I  \  ^ 

Hantisch  and  Hornbostel  °  found  certain  isomers  which  ihej 
proved  were  stereoisomeric  j  and,  later,  Hantzsch  and  Schwab 
isolated  two  isomeric  forms  of  benzylidene-/-toluidtiie  to  whidl 
ihey  ascribed  the  stereoisomeric  configurations  i — 

C.H.— C— H  C,H,— C— H 

II  I 

N— C.H,— CH.  CH3— QH.— N 

It  is  evident  that  the  matter  is  still  unsettled. 

5.  Semicaibazonee,  Thiosemicarbazonea,  asd  Thiosemicu^ 
bazides. — In  1895,  Wallach'  discovered  certain  semicarbazona 

■  .Simon.   Cmj^,   rind.,   118,    1345  ([Sy4);    Hull.  So!.  CA..1.,  [j] 
JJ4.374(lS9S);  '''"'.  C^/w./"^/!..!;!  8,433  l'S96). 

'  Miller  and  PlOchI,  Ber..  ST,  1196  (1S94). 
,      *  EitHKi  uid  Felizer,  iUd.,  88,  34C1  (1900). 

*  Eibner,  AhhoIih,  S1>,  58  (1901 ). 

*  llnnusch  and  HQinboslcl,  Hrt,.  SO,  300J  (i»i7l. 

*  Hantiscb  uid  Schwab,  iiid.,  84,  ttx  (I9ai)- 
'  WoJIach,  iM.t  St,  1955  (iSqbV 


in  Ihe  Itrpene  series  whose  properties  appeared  to  agree  with 
llie  idea  that  ihey  were  stereoisomers. 

In  the  following  year,  Freund '  pointed  out  that  a  proof  of 
ihe  existence  of  stereoisomeric  Ihiusemicarbaxones  was  fur- 
nished by  the  fact  that  when  one  molecule  of  water  was  with- 
drawn from  certain  members  of  the  series,  two  isomerle 
substances  were  formed.  This  could  he  explained  if  the 
following  space  formulic  were  adopted:  — 


IN-NH— CO-R 
R— NH— C— SH 
N— NH— CO— R 
i  - 

HS— C-NH— R 


■  H,0 


N— N 

I 


K— NH— C     C— R 


K.noevenagcl  and  Goldsmith''  found  that  the  semicarbazone 
nielhyl-phenyl-cyclohexenone  existed  in  two  stereoisomeric 

rms,  each  of  which  has  this  structure  : — 


tCH,-C  :  NNH.CO.NH, 
Mner '   has   discovered    two  stereoisomeric    mono-setni- 
•^ari^zones  of  ben/il. 

The  thiosemicarha/.ides  have  been  studied  very  thoroughly 
by  Marckwald.'  He  found  that  iji  attempting  to  distinguish 
between  the  isomers  when  only  a  very  small  quantity  of  the 
Substance  was  available,  it  was  best  to   use    phosgene  as  a 

'  Freand.  *«<-.,  29,  1*83  (1896,. 

■  Knocveiiagel  and  Gold^miib.  iVJ..  81,  2474  (1S9S) 

•  PusncT,  (W.,  S4.  3079  fipoi). 

*  JtoPtwHtf,  /*/.  ",  loSi  (1S99) ;  compare  «B,  3098  U&9l^- 
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reagent.  In  the  case  of  ihe  labile  anti-form  i\.),  iNe  read 
praluces  an  ammoniacal  solution  which  yields  with  hydrochloiic 
acid  a  voluminous  precipitate  of  imidobia^olonyl  mercapun; 
the  syn-form  {II.),  on  the  other  hand,  produces  a  thiobiattJons 
derivative- 


R— NH— C— SH 


R-N-C— SH 

../         !! 


K— NH   -C— S 


(I.) 
R_NH— C— SH  ^^ 

N~NH-R"~ 

(II.) 

These  relations  hold  good  in  the  case  where  K  is  a  phcnjl 
radical.  If  the  R  group,  marked  with  an  asterisk,  be  an  acetyl 
radical,  the  thlosemicarbazidc  exists  in  one  form  only,  ai 
during  the  reaction  products  are  produced  which  seem  K 
indicate  a  change  from  the  syn-  into  Ihe  anti-form. 
compounds  which  have  an  alkyl  group  in  the  position  maritN 
by  the  asterisk  appear  to  exist  only  in  the  anti-form.  The  c 
amination  of  a  targe  number  of  cases  enabled  Marckwftid  I 
show  that  the  following  rules  held  good  ;— 

I.  Phenyl  hydrazine  reacts  with  allyl  tbiocyanate  to  fonn  1 
thioseraicarbazide  of  the  anti-furm,  which  goes  over  into  the 
syn-form  on  healing  or  when  treated  in  alcoholic  solution  wiih 
a  trace  of  hydrochloric  acid, 

II.  The  same  holds  good  if  there  be  a  substituent  in  the 
para-posilLon  of  the  phenyl  hydrazine. 

III.  If  thiire  be  a  substituent  in  the  hydrazine's  ortho-  M 
meta-position,  only  stable  thiosemicarba^ides  of  the  syn-fonn 
are  produced. 

IV.  The  nature  and  position  of  substituenis  in  the  sUt' 
thiocyaiiate  have  no  effect  on  the  reaction. 

V.  The  labile  compounds  of  ihe  anti-form  have  a  lower 
mehing-poiot  than  the  staUe  s^nAoim^. 
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VI.  Secondary  hydrazines  do  not  form  stereoisomeric 
compounds. 

Busch  and  Holzmann  *  dispute  the  correctness  of  Marck- 
wald's  view,  and  attribute  the  isomerism  to  a  wandering  of 
the  phenyl  isocyanate  nucleus. 

6.  ChlorimideSf  etc.— Stieglitz,^  in  1896,  though  unable  to 
isolate  two  forms  of  chlorimido-benzoic  ester,  was  led  to 
conclude  that  the  isomer  isolated  by  him  corresponded  to  the 
anti-form  : — 

QH5— C-O.Et 


N— CI 

Stieglitz  and  Earle  ^  obtained  two  stereoisomeric  compounds 
by  the  following  series  of  reactions.     By  treating  w-nitrobenz- 
amide  with  sodium  hypochlorite,  they  obtained  /w-nitrobenzoyl- 
chloroamide,   NO2.CeH4.CO.NH CI,  which,   when   allowed   to 
react  with  diazo-methane,  gives  the  a-modification  of  methyl- 
chlorimido-w-nitrobenzoate,  N0,.CeH,.C(0CH3):  N.Cl.     This 
modification  crystallizes  in  long  prisms  or  rectangular  plates  of 
melting-point  86"5°-87-5°  C.     When  this  a-compound  is  treated 
with  hydrochloric  acid,  it  gives  a  hydrochloride;  and  if  this 
hydrochloride  is  added   to  a  large  excess  of  sodium  hypo- 
chlorite at  30**  C,  a  mixture  of  the  a-  and  y3-forms  of  the 
chlorimide  is  obtained,  from  which  the  /^-compound  can  be 
extracted  by  repeated  crystallization  from  a  mixture  of  chloro- 
form and  petroleum  ether.     The  /^-modification  crystallizes  in 
thin  rhombohedric  plates  of  melting-point  8i°-82''  C.     With 
hydrochloric  acid  it  gives  the  hydrochloride  of  methyl-chlori- 
mido-w-nitrobenzoate.      The    two    isomers    have    the    same 
niolecular  weight ;  they  are  stable  at  80^  C,  or  even  for  a  few 
roinutes  at  140''  C.     Their  configurations  may  be  represented 
by:— 

NO2.C6H4— C— OCH3  NOo  .C0H4— C— OCH3 


CI— N  N— CI 


*  Busch  and  Ilolzmann,  Hcr,^  84,  320  (1901). 

*  Stieglitz,  Amer,  Chem.J.,  18,  751  (1896). 
'  Stieglitz  and  Earle,  ibid.,  30,  399  (1903). 
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No  transmutation  of  one  isomer  into  the  other  could  be 
effected.  If  the  stereoisomerism  be  denied,  the  only  alternative 
appears  to  be  to  suppose  that  the  one  form  is  produced 
from  the  other  by  Beckmann*s  rearrangement.  This  is  quite 
improbable,  however,  as  StiegHtz  and  Earle  found  that  no  such 
change  could  be  brought  about  in  either  of  the  isomers.  The 
stereochemical  explanation  appears  to  be  the  only  one  which 
explains  the  facts.  This  is  a  most  important  case,  from  the 
point  of  view  of  the  H ant zsch- Werner  hypothesis,  for  here  the 
possibility  of  tautomerism  is  reduced  to  a  minimum,"  there  being 
no  possibility  of  constructing  formulae  analogous  to  those  put 
forward  to  explain  the  oxime  isomerism  by  structural  differences. 

Hantzsch^  has  endeavoured,  without  success,  to  isolate 
stereoisomeric  urethanes  of  the  type  : — 

a 

C  :  N.COOEt 

/ 
b 

Walther '-  suggests  that  of  the  four  known  methenyl-pbenyl- 
/-tolylamidines  two  are  stereoisomers  of  the  type  : — 

C,H,.NH— C— H  QH,.NH-C— H 


N  -  QH,.CH,  CH3.QH,— N 

Cohen  '  has  applied  the  Hantzsch-Wemer  theory  to  the 
case  of  the  acid  amides,  and  comes  to  the  following  con* 
rlusions.  Tliose  amides  which  crystallize  in  prisms  and  gi^^ 
silver  salts  helont^  to  the  anti-series;  those  which  crystallize  in 
l>lates  and  give  no  silver  salts  belong  to  the  syn-form.  All  coin- 
pounds  derived  from  ammonia  or  fatty  amines  are  anti-isoniers, 
while  amides  produced  from  aromatic'aminesare  syn-com pounds. 
Cordier  *  finds  that  guanidine  picrate  exists  in  two  forms, 
one  being  stable,  the  other  labile.  The  isomers  differ  in 
sohil)iIity  an<l   rrystnlline  form,   but  appear  to  l)e   other«'is« 


'    Hant/^rli,  />V;-.,  25,  2025  (1S92). 

-   Walther,  J.  /;.  Chnn.,  [2J  66,  41,  552  (1897). 

•^  Ohm.  Chem.  AV»»5,10,  \QO  V\'^N. 

*  Cordicr,   Vcrhamil.  d.  Ges.  dent.  Nif.  lu  A«rt*U^\^\>\\  V5»V 


!sn.if/:Awc  c.  I  R/ii  i.y-xf  rROuH.s 


>M/-<>('XDS    asg 

Icnlical.  Solutions  of  bolh  isomers  are  inaclive  as  regards 
jbri^ed    light.     The   author  supposed    iheni    to   be    stereo- 

urners  of  the  following  type  :— 

H,.r.NH-,.OH.C„H.,(NO,),  NH.,.C.NH,.OH.C„H,(NO;J, 
.     N— H  H~N 

L  SWble  fi»m  (plnl«).  l-"''il<^  form  (tifi.illcs). 

f  VI.   METHODS  OF  PRODUCIXC,   CAR  BOX-  XITKOCEN 
STBRBOISOMERS. 

1.  AldoximeB.^ Though  many  cases  of  stercoisomeric 
loxiiue.s  are  known,  in  only  a  very  few  of  them  lias  it  been 
ind  ihat  a  miitlure  of  bolh  isomers  is  produced  in  the  reaction 

which  they  are  synthesised,  c^.  propionaldoxime,  Turfural- 
xime,  thiophenaldoxime,  andrinnamaldoxime.  In  a  few  cases 
:  relative  iiuantities  of  the  two  isomers  produced  may  be  con- 
lied  by  varying  the  conditions  of  experiment.  In  the  case  of 
fiiraldoxime,  for  instance,  it  is  found  that  if  the  synthesis  be 
Tied  out  in  alkahne  solution,  the  major  jiart  of  -the  reaction- 
)duct  consists  of  the  anti-form  ;  while  when  neutral  solution 
jsed,  the  syn-form  preponderates.  The  transmutation  of  one 
mer  into  the  other  by  means  of  heat  can  be  accomplished 
the  case  of  acelaldoxime. 

The   most   common    method  of  obtaining  two  isomers  is 

transmute  the  one  form  into  the  other.  The  methods 
ployed   will    be    described    in    a    separate    section     (see 

.'111.). 

Another  method  consists  in  the  dej)olymerisalion  of  the 
nitrosyl  compound,  which  is  obtained  by  the  oxidation  of 
:  corresponding  mono-hydroxylamine  : — 

R=™:=™-o3  +  'O  -  '".0  +  (RCH,NO). 
len  acted  on    by  sodium  ethylate,  these   bisnitrosyl  com- 
unds  break  down  into  a  mixture  of  the  syn-  and  anti-forms 
the  aldoximc : — 


I 


ECH,-  HUH  pyn)  +  R.CH  .  NOH  ^anu-1 


I 
I 


Conistock '  has  shown  that  aldoximes  have  the  faculiy  of 
forming  addition-compounds  with  cuprous  chloride  or  bromidt, 
which  iiddition-com|>ounds,  on  decomposition,  yield  the  syn- 
form  of  Ihe  oxime.  They  therefore  form  a  means  of  preparing 
synaldoximes. 

2.  Ketoximes.— When  ketones  are  oximated  in  alkalint 
solution,  a  mixture  of  tlie  two  stereoisomers  is  productd- 
They  can  be  separated  from  one  another  by  fractLonally  pre- 
cipitating an  akohohc  or  acetic  acid  solution  of  the  mixture  by 
means  of  water.  Under  these  conditions  the  isomer  with  the 
higher  m eh ing- point  is  lirst  precipitated. 

StereoLsomeric  oximido-acids  and  alkyl-hydroxtmic  acidi 
arc  formed  as  a  mixture  of  the  two  configurations  which  can  be 
separated  from  onu  another  by  fractional  crystallization. 

3.  Hydranones,  etc.— In  many  cases  the  action  of  phenyl' 
hydrazine  upon  a  suitable  ketone  produces  a  mixture  of  l«o 
stereoisomerir  hydrazones,  which  can  be  separated  from  one 
another  by  utilising  the  difference  in  their  solubility.  The 
same  is  true  for  the  action  of  phenyl  hydrazine  on  keto-ch!o  rides 
of  the  type  X— C.Cl,— V/^ 

It  has  been  found  possible  in  some  cases  to  obtain  one 
isomer  from  the  other:  this  will  be  dealt  with  in  §  VIII. 

Too  little  is  known  with  regard  to  the  semicarbazones  and 
other  compounds  lo  allow  of  any  general  statements  being 
made  as  to  their  properties  in  this  connection. 


S   \[1.    THE  PROPERTIES  OF  CAK/fO.V-.\/TROCF.X 
srER£0/SOAf£RS. 

1.  Physical  Properties.— The  melting-points  of  the  Wi 
isomers  are  different,  just  as  in  the  case  of  ethylene  stereo- 
isomers. As  a  general  rule,  the  syn-oximes  have  a  higher 
melting-point  than  the  anti-forms,  though  this  is  not  always  the 


>  Coniiloek,  A/ufr.  C*,-nt.  J..  19,  4^5  (1897). 

•  Haiiltsth  and  Krnft.  Btr.,  «,  J^w  iiBg^V.  Hantzsch  and  i 

.m,9and  18(1893). 


Very  little  msterial  is  available  as  regards  tlie  relative 
S'-jliiliility  of  the  two  stereo  isomeric  forms.  From  the  work  of 
I^ckinaiin,  Goldschmidt,  and  others,'  it  seems  probable  that 
the  torai  with  the  higher  melting-point  (syn-form)  has  a  lower 
Solubility  than  the  anti-form.  The  same  relations  a[>i>car  lo 
hold  good  in  ibe  case  of  the  hydra/ones  also. 

Even  less  is  known  of  the  crystalline  form.  It  is  probable 
dial  the  two  isomers  have  different  crystalline  forms.'' 

According  to  Hartley  and  Dobbie,"  the  absorption  spetira 
of  benzsynialdoxime  and  ben^anti-aldoxime  are  identical. 

It  is  found  tliat  the  affinity  constants  of  two  stereoisomeric 
o.iimido-acids  differ  very  considerably,  and  to  this  extent 
resemble  the  acids  of  the  ethylene  series.  It  is  found  also  tbnt 
substitution  has  a  considerable  effect  upon  the  conductivity  ; 
and  it  would  seem  that  this  is  due  to  tlie  curving  of  the  carbon 
chain  which  makes  it  possible  for  hydroxyl  and  carboxyl  groups 
in  the  anti-position  to  each  other  to  approach  more  closely  lo 
one  another  in  the  n-and  -^-ketoximic  acids  than  they  do  in  the 
0-com  pounds. 

8.  Chemical  Properties.— (u)  Formation  of  Addition-corn- 
pounds  with  Seh/cnts, — \  point  of  difference  lietween  ihc  two 
isomers  is  to  be  found  in  the  amounts  of  alcohol  or  benzene 
with  which  they  crystallize.  For  instance,  y ben ^il- mono xi me 
crystallizes  with  half  a  molecule  of  beniene;  the  y3-  and  -y-di- 
oximes  crj'stalliite  with  one  molecule  of  alcohol  of  cryslalli^a- 
tion  ;  tt-benKil-monoxime  and  <i-l)enzil-dio\ime  apparently  give 
no  addilion-conijiounds ; — 


C.Hs— C— C— C„H,  (.;Ht— C C  -  C.H„ 

II      I  II 

HO— N    t>  HO— NH(i-N 

+  ^",H,  +C,HiOH 

7-beniU-nninoxi  me.  T-btnrU-diDiinie. 


\ 

^P  Bectmuuin,  £er.,  93,  |6S6  (1890);  Goldschmidt,  ibid.,  S3,  21 
tlSgo);  Goldsdimidi  and  Kjellin,  ibiJ..,  S4,  2550  (11^91)  ;  Itchti^nd  a 
Konig,  AnnakH,  8S3.  349  (1891!. 

»  Goldschmidl,  H^.,  33,  3173  (tSgoj. 
^^^truid Dohbie,  Zy-aHi.,  77,  J09  (I9D0). 
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QH.-C C-CH, 


HO— N  N-OH 

+  QH.OH 


No  aildition-com  pounds  are  formed  by  :— 
C.H,— {:^ — C-QHi  C,H,— C— 


N-OH  O 


N— OH    HO— N 

o-beniiMifiiime. 


It  appears,  thererore,  as  if  the  property  of  addition  depended  I 
on  the  liydroxyl  being  in  the  syn-position  to  the  phenyl  tadical.  ' 

ij>)  Carbamlidf  Formation. — A  somewhat  similar  instant*  1 
of  the  difference  between  the  isomers  is  found  in  the  action  of 
isocyanates  upon  the  syn-  and  anti-forms  of  aldoxinies.  In 
this  case  the  syn -sub  stances  often  give  addition-products  \ 
while  only  isolated  cases  have  been  observed  in  the  series  of 
an ti<om pounds.'  No  differences  have  been  observed  in  llie 
case  of  the  ketoximes. 

(c)  The  Alkyialion  of  Oxlmei.—\\.  has  been  found  that  when 
an  alcoholic  solution  of  an  oxime  is  treated  with  sodium  ethyl- 
ate  and  an  alkyl  iodide,  the  products  of  the  reaction  vary 
according  as  a  syn-  or  an  anti-isomer  is  used  as  a  starting 
material.  The  formula;  below  show  the  results  which  ate 
generally  observed  :— 


R— C— H 


R-C-H 


HO— N 

N- 

-OH 

/ 

"Si 

/ 

\ 

R  C-H 

R  C-  H 

R-C-H 

R-C  H 

i\ 

\ 

1 

\P 

1 

/> 

XO  N 

X  N 

N  OX 

NX 

Chief  pioJucl. 

Uyc-ptoducl. 

liyu-produrt. 

Chief  prod»Cl 

i 
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-^i/jvij.— This  has  already  been  described  in  the  case  of  the 
atdo\imes.      The  case  or  the  u-oximidD-acid^  is  ahiiost  Ihu 
saint;  Ihe  agents  used  being  acetic  anhydride,  or  alkali  car- 
litinatfs-     The  reaction  lakes  the  following  form  ;  — 
t'.H,-C— COOH  C,H,— (■  CO, 

U  =  111    + 

N— O.CO— CH,  N  HO.CO-CH, 

(c)  TAe  Beckmann  JteairaHgement. — The  eflect  of  stereo- 
isonicrism  upon  this  reaction  has  already  been  fully  dealt  with. 
It  (night  be  well  to  point  out  thai,  though  the  Beckmann 
inetliod  is  the  only  one  by  which  the  cunliguraliun  of  oximes 
;an  be  deduced  with  any  certainty,  yel  the  results  arrived  at 
jy  this  niellioii  cannot  be  relied  upon  comiilelcly. 


§   Vtll.    r/fE    Jft-IX^MITATIOX  OF  CAA'/iUX-MJi^UCliX 
.s  r£A'£0/SOA/£AS. 

1.  Oeneral— In  thi;  case  of  the  slercoisomenc  ethylene 
:cinpoimds,  it  was  j)oiiiled  out  that  the  relative  stability  of  the 
wo  isomers  depended  upon  the  strengths  of  the  attractions 
vbich  the  various  groups  in  the  molecule  exerted  upon  each 
>lber.  The  same  holds  good  in  the  case  of  the  isomers  con- 
fining a  double  bond  between  a  carbon  and  a  nitrogen  atom. 
i"'or  example,  in  the  case  of  the  compound  shown  below,  the 
somer  (I.)  will  be  more  stable  than  tlie  isomer  (II.)  when  the 
ittraction  of  the  group  Z  is  stronger  for  X  than  for  Y. 


X— C— y 

1 


(I.) 


X— C— Y 

n 


(11.) 


It  may  happen,  however,  that  the  attraction  of  Z  for  Y  is, 
mder  ordinary  conditions,  sufficiently  strong  to  retain  the  two 
;roups  in  proximity  to  one  another,  though  not  strong  enough 
o  bring  them  together  again  if  they  are  once  disturbed  by  oul- 
>ide  influences.  In  that  case,  the  isomer  (U.)  wouVd  W  .\ 
abjte  farm,  liable  to  conversion  into  the  more  itabVu  torm  V.\.1 
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as  soon  as  any  disturbance  took  place  in  the  intramoleculi 
system.     Such  disturbances  may  be  brought  about  iii 
ways,  either  by  physical  or  chemical  agency.      A  very  co 
plete  study  of  the  case  of  the  series  of  compounds  of  tbe  t] 

*  C  =  N.NH.Z  has  been  made  by  Bamberger  and  Sehinidl' 

S.  TraDBmutation  by  Physical  lofluences.— In  many  cssd 

H'htn  the  labile  isomer  is  hent<.'d  it  is  converted  into  the  stab) 
form.     The  syn-Conn  ol"  ]jhcnyl-.\ylyl-oxime  : — 

C„H,— C— C„H,{CH,).j 

II 
HO— N 

produces   the   anli-isumer.'      When  one    modification   of  tk 
chlorophenylhydrazone  of  aceto-acclic  esler  (M.P.  63-63' C 
is  melted,  and  then  allowed  to  cool  slowly,  it  is  changvd 
the  other  isomer  (M.P.  80-83°  C.).'     The  hydraionc  of  anil- 
pyruvylpyruvinic  esier  :— 


CH,— N  =  C— CH, 


C,H,NH- 


CH, -CO-COOCaH, 


yields  a  second  isomer  when  it  is  heated  to  300"  C* 
monoxime  can  be  converted  into  another  isomer  by  heating  U 
loo^C.  with  alcohol  ina  sealed  tube  for  eight  hours.' 
oxime"of  M.P.  91^°  C,  when  heated  with  alcohol  to  iSo'Cil 
has  its  melting-point  raised  to  151°  C;  and  when  /-bromo-  ' 
benitophenone  oxime  is  warmed  in  alcoholic  solution,  lli<: 
melting-point  changes  from  107-111''  C.  to  165-166"  C 
Para-ethyl-benzophenone  oxime  requires  only  warming;'/ 
iodo-    and    «-bromo-benzophenone    need    to   be   heated   foi 

'  Bamliergcr  und  Schmidt,  tier.,  34,  sioo3{i90i). 

'  Biclololli  and  Linari,  Cacia/a,  SS,  II.,  371  (I901). 

'  Kjcllin,  ftr..  30.  1966  (i«97). 

'  Simon.  C<-mJt.  rend.,  18S,  630  (1903). 

'  Auweri,  Kunniciluns  dir  Sttritxhtmif,  [1.  Ol. 

•  \V«B«./J^r.,«,  13350890). 
"  .Schucfei.  J««a;™,  BM,  1641,18911. 

•  Smilh.  Btr.,  M,  ^oji  \\^\\. 
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'"vIvl-  and  twenty-four  hourt>  lo  about  ijo"  C.  before  the 
(liange  occurs.'  Oamician  and  Silbet*'  have  shown  that  when 
^lulions  of  ('•  and  /  nittoben/^nlialdoxime  in  benjene  are 
exposed  to  the  action  of  light  they  are  converted  into  the  syn- 
coni  pounds. 

Ihe  effect  of  solvents  is  very  marked  in  some  cases.  The 
isomer  of  papaveraldoxime  melting  at  2,(5'  C.  can  be  con- 
verted into  the  variety  melting  at  154^  C.  by  crystallising  it 
tCYcral  limcs.^  Repeated  crystallization  from  alcohol  converts 
ihe  aceto-acetic  ester  phenylhydraione  of  M.l".  63-63"  ^-  '""' 
Ihe  isomer  with  M.P.  80-83^  C.'  A  reverse  change  in  melting- 
point  is  shown  when  the  phenylhydra/.one  of  nitro- valerianic 
ildehyde  is  boiled  with  ligroin  ;  for  here  an  isomer  melting  at 
jj"  C  is  changed  to  one  with  M.P.  51°  C.  The  easily 
toluble  d-chlorotoluquinone-oxime  (M.P.  165°  C),  on  standing 
n  toluene  or  alcohol  solution,  is  converted  into  the  less  soluble 
orm  with  M.P.  170"  C."  The  oxime  of  phenylglyoxylic  acid 
MS  its  mdling-point  raised  from  (27°  C.  to  145"  C.  by  being 
illowed  to  stand  in  either  acid  or  aqueous  solution.* 

It  has  been  found  that  when  some  stereoisomers  are 
tllowcd  lo  Ktand,  they  are  spontaneously  converted  into  Ihe 
other  isomeric  form.  This  has  been  observed  in  the  case 
if  /  -  melhoxybenioplienone  o\ime,'  where  the  substance 
with  the  higher  melting-point  is  converted  into  one  with  a 
lower. 

3.  TranBmatation  by  Chemical  InflnenoeB.-- When  ron- 
rentrated  sulphuric  aciil  is  allowed  to  act  ufion  the  anli-form 
if  benzaldoxime,  it  converts  it  into  benzsynuldoxime ;  hut  the 
neverae  change  may  be  brought  about  by  treating  the  syn-form 
irith  dilute  acids,  when  the  anti-oxime  is  produced.     This 

■  Ha«tmno,  AnnahH,  364,  166  (1S91),  Ko\Wri\\3]m. 'iM..  S64,  170 
11891). 

'  CiunirUn  and  Sillwi.  R^t.,  86,  4*68  (igoj) 

■  llinch,  Monatth.,  16,  8jo  {\'ff)%). 

•  Kjtilm.  J)er..  W.  i<)f6  (1897), 

•  Kchtmnnii  nna T'clivin^kv,  .I'l'i.i/m,  303,  15  (1S9K). 

•  HinUsch,  Ber.,  St,  41  (iSgil 
'  Haauseb,  liU,  St,  /j  fiSgt}. 
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hold3  good  only  in  the  case  of  the  aldoximes  themselves, 
is  not  true  for  their  derivatives.    Hydrochloric  acid  gas  convf 
a-benzil-monoximc    into   the  yisomer;'    benzoin    oxime 
M.P.  99°  C.  into  the  isomer  with  M.P.  151°  C- ;    papai 
doxime  of  M.P.  235®  C.  into  that  with  M.P.  254*^  C. ;  and 
the  melting-point  of  the  oxime  of  phenyl-glyoxylic  acid 
127°  C  to  145°  C."-*     It  has  the  same  effect  in  the  hy< 
series,  converting  the  lower  melting  form  of  pyruvic  ester  hy< 
zone  into  the  other  isomer.'     Measurements  of  the  velocity 
transmutation  of  several  oximes  with  hydrochloric  acid  weill 
made  by  H.  Ley/ 

In  some  cases  a  trace  of  bromine  suffices  to  convert  a  solid 
syn-aldoxime  acetate  into  the  anti-acetate. 

Many  cases  are  known  in  which  the  action  of  bases  is 
sufficient  to  bring  about  the  change  from  one  isomer  into  th€ 
other.  A  few  examples  may  be  given  here.  When  mtthyi 
phenyl-cyclohexenone  oxime  is  dissolved  in  warm  caustic 
soda  solution,  and  the  solution  then  neutralised^  the  resultant 
product,  after  sublimation,  is  the  other  isomer;  the  melting- 
point  being  changed  from  151  C.  to  115'  C.  Benzoin  oxime, 
when  boiled  with  a  dilute  solution  of  aqueous-alcoholic  alkali, 
is  changed  in  the  opiX)site  way  :  the  compound  melting  at  91/  C. 
being  converted  into  the  other  isomer  with  a  melting-point  of 
1 5 1  '  C.  On  the  other  hand,  when  /-etliyl-benzophenone  oxime 
of  melting-point  142  C.  is  heated  to  120°  C.  with  caustic  soda 
and  hydroxy lamine,  it  goes  over  into  the  substance  melting  at 
108  C.  \v\  the  case  of  the  hydrazones,  it  appears  that  mere 
heating  with  excess  of  phenylhydrazine  is  sufficient  to  bring 
about  the  transmutation  of  one  isomer  into  the  other;  benzil- 
syn-osazone*  yields  the  anti-isomer;  piperil-phenylosazone* 
can  be  changed  from  the  syn-  to  the  anti-configuration.    \VTien 


'   Auwcrs,  F.ftticicklung  lit'r  SUnocheniiet  p.  61. 
■   Ilantzsch,  /Vc'r.,  24,  41  (1891). 
'  Simon,  Conipt.  remi.,  131,  682  (1901). 
*  Lvy,  /.fit.  physikal.  C/wm.,  18,  388  (1895). 

'  Injjle  a!ul    Mann,    JYans.,   67,    O06   (1895);    Miiiuiini   anil  RapT- 
Ci.u'Ua,  26,  I.,  44^  (1896). 

'^  BilUand  Wicnanas,  .4«iid/tfi,  ^K»,  9  V^^V 
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acetaldehyde  phenylhydrazone  melting  at  66-69'^  is  treated 
caustic  soda  solution,  it  is  converted  into  the  second 
Mner,  which  melts  at  98-101°  C. 
Hitherto  we  have  not  considered  the  effect  of  a  change  in 
imical  constitution  in  causing  an  alteration  in  the  configura- 
;  but  we  must  now  describe  another  method  of  bringing 
It  transmutation,  in  which  this  influence  is  utilised.  From 
It  has  already  been  said  with  regard  to  the  mutual  attractions 
various  groups  in  a  molecule,  and  their  effects  upon  the 
(figuration  of  the  compound,  it  will  be  evident  that  such  a 
process  as  acetylation  may  be  used  to  bring  about  the  trans- 
initation  of  one  isomer  into  the  other.  The  following  scheme 
•xpresses  the  matter  graphically  : — 


Stable. 

Y C- 

+       I! 

XO— N 


Change  in  constitution. 


Labile. 
Y C Z 

XO— N 
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"Z         Change  in  constitution, 
-f    < 

X 


Y 


Z 


N— OX 

Stable. 


4- 


Here  X  is  supposed  to  be  some  electro-positive  group  or  atom 

Hke  Na ;   while  X  is  an  electro-negative   group   such   as  an 

acetyl  or  benzoyl  radical.  It  is  obvious  that  by  replacing 
+ 

^  by  X,  the  stability  of  the  two  isomers  can  be  reversed ;  so 
^hat  the  isomer,  which  in  alkaline  solution  is  the  more  stable 
of  the  two,  may  become  the  labile  isomer  when  acetylation 
"as  been  carried  out,  and  the  sodium  atom  replaced  by  an 
acetyl  group.  The  reverse  change  would  be  produced  by  the 
"ydroJjrsJs  of  the  acetyl  derivative  to  the  simple  ox\me.    TV^ 


33?    STEF;j-:oisoAfi-:Rrs.\f  withoit  activity 

oxime  of  phenyl-glyoxylic  acid,  which  mells  ai  145  C,  on 
changed  10  that  which  melts  at  127"  C.  by  this  method,  a 
acetyl  chloride  as  the  agent;'  anil  Ox imido- succinic  acid 
melting-point  1 35"  C.  can  be  changed  into  the  lower-tnehi 
variety,  M.P.  88'  C,  by  the  use  of  acetyl  chloride  or  a 
anhydride.'  When  one  stereoisomer  of  quinone  oxime  i 
acetylaled  or  ben/oylated,  it  appears  to  yield  a  mij 
two  stereo  isomeric  ben /.oyl- derivatives."  The  same  holds  goi 
in  the  case  of  the  phenylhydra^ones  also.' 

In  many  cases  it  is  found  that  acetic  anhydride  and  acel 
chloride  have  different  effects  upon  Ihe  same  slereoisonH 
the  anhydrido  tnercly  acetylating,  while  the  chloride  simi 
taueously  changes  the  configuration  and  produces  the  acet 
derivative.  It  ajijiears  most  probable  that  this  difference 
due  to  the  fact  that  in  one  reaction  hydrochloric  acid  i 
liberated,  which  acts  as  a  transmuting  agent. 

Two  agents  may  be  mentioned  whose  use  is  conlined  t 
exceptional  cases.  It  has  been  found  that  by  treatment  « 
pentachloride  of  phosphorus  at  loiv  temperatures,  one-third  0 
a  given  amount  of /-tolyl-phenyl  ketoxime  can  be  convettd 
from  the  ami-  into  the  synpiienyl  form-  The  most  pecultl 
instance  of  all  lias  been  observed  by  Busch."  who  found  thit 
though  all  Ihe  ordinary  methods  failed  to  produce  IransmutabCN 
in  the  case  of  the  hydrazoncs  of  di-thiocarbonic  esters  :- 

X— S— C— S— V 


the  desired  effect  was  produced  by  merely  boiling   the  sob 
stances  in  alcoholic  solution  with  animal  charcoal. 

4.  TranBmntation  through  Intermediate  Compounds. 


'   ll.inlisrh.  Pet..  24,  41  (l&)i)- 

'  Cramer,  ibkl..  S4,  1204  (1891). 

I 

■  Kelimiaiin,  Jti-nlfH.  2T9,  29  ((Si)4l  :    K.litm 

iin  ani  RU.I.  iU^ 

«H.  14  (1898). 

1 

•  TliirU-   anil     PickniJ,    l!^..   )1.    114^  ([8gS); 

KiUi  niHl     AmJ 

AnHalm,  Ul,  r  and  7  (1902) 
'  iiiwch,  Str.,  SI,  Iiai  (lifQW 
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•pears  that  in  ihe  case  of  ihe  transmulation  of  slereoisomeric 
doximes  we  must  take  inlo  account  two  influences  which 
ppear  to  act  in  opposite  directions ;  on  the  one  hand,  the 
clative  stabilities  of  the  ovinies  themselves,  and  on  the  other, 
le  relative  stabilities  of  the  aJdition-compoiinds  which  the 
ocimes  may  form  with  the  transmuting  agents  used.  \S\\en 
wo  slereoisomeric  oximes  are  treated  with  a  halogen  acid, 
wo  stereoisotneric  salts  are  formed,'  each  of  which  on  liydro- 
ysis  will  r^enerate  the  oxime  from  which  il  was  formed ;  but 
hese  salts  liave  not  the  same  relative  stabilities  as  the  oximes, 
md  by  means  of  the  two  sets  of  compounds  it  is  possible  to 
JO  through  a  cycle  of  changes  from  one  isomer  to  the  other,  as 
s  indicated  in  the  following  table  :— 

SlaUt.  Ubile. 

C,Rs— C— H  +HC1  C„H„— C-  H 

]  *  II 

HO— N  HO— N(HCI) 


C,Hr-C— H 

II 

N— OH 


The  add  it  ill  n-co  impounds  with  cuprous  chloride  and  bromide 
investigated  by  Comstock,-'  appear  to  be  an  extreme  case  of 
this  type :  the  anli-addition-produtt  being  so  unstable  that  it 
goes  over  immediately  into  the  syn-form. 


§   IX.    EXFLA-VATIOI^S  OP   TIfK    TR.tXSAfUT.-iT/OX  Of 
THE   STEREOISOMERS. 

Less  attention  has  been  paid  to  tiiis  question  than  to  the 
uialc^ous  case  of  the  transmutation  of  ethylene  stereoisomers  ; 

■  Lu:«Iioore,  Trans.,  89,  l8l  (1896). 
■*Gjamtoek,  Amn-.  Cheat,  y.,  IS,  ^5  O897V 
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and  it  is  therefore  unnecessary  lo  iteal  with  Ihe  mntUT  lo  st 
extent  here. 

The  ideas  advanced  by  Wislicenus  will)  regard  to  ll 
ethylene  iflomers  can  be  applied  ahnost  vithout  modificitic 
to  Ihe  case  of  the  oximes,  but  it  cannot  be  said  that  mm 
light  is  thus  thrown  upon  the  problem.  If  it  be  assumed  ih 
the  stereoisomeric  salts  of  Ibe  aldoximes  correspond  to  d 
intermediate  products  whlcb  VVisliornus  postulated,  the  im 
cases  would  Tie  almost  parallel;  for  the  changi!  from  or 
into  the  other  would  then  be  represented  as  follows  :  — 

H 


N.OH  N— Oil 

! 

X 

In  Ihe  case  of  the  ketosimes,  a  wandering  similar  to  tb»l 
supposed  by  Wislicenus's  allernalive  hypothesis  would  he 
necessary. 

If  Lieberniaiin's  idea  were  applied,  it  would  result  in  the 

following:^ 


R— C— R' 

1        -- 


H 


H 


>  R— C— R'  — >  R  -C— R- 


N  : 


O  ;  N 


R— C-R* 

-»  i 

HO-N 


Skraup's  theory  serves  as  well  in  the  case  of  the  oxi 
in  that  of  the  unsaturated  acids;  in  the  present  case  the 
necessary  additinn-producl  may  be  supposed  to  be  a  ininuift 
quantity  of  salt  formed  by  the  transmuting  agent,  where  I' 
is  on  acid. 

Werner's  theory,  owing  to  its  great  adaptability,  is  probaU 
the  most  satisfactory  of  all;  but,  at  the  same  time,  it  <hoiil 
be  noted  that  it  hardly  does  more  lh;in  restate  the  problei 
in  other  words. 
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On  Stewart's  hypothesis,  the  iiitcrnicJiatc  phase  would  be 
eprcsenied  as  Tollows  : — 

^-C  ^N         ^C— ^  R 

R     ll    HO 

,OH 


N- 


^/OH 


§    N.    7y/£   ISFLUEXCB    OF    HIE    COXSTITI'TION    UfO.V 
THE  COXFIGVRATIOX  OF  iiTEKEOi:\OMERJC  OXIMES. 

I.  The  stability  Relations  of  the  IsomerB. — It  has  been 
pointed  out  repeatedly  in  the  preceding  pages  that  the  con- 
figuration of  an  oxime  can  be  deduced  from  its  behaviour 
when  undergoing  certain  reactions ;  and  so  niucli  reliance  has 
been  placed  u|ion  the  results  thus  obtained  that  Hantzsch  ' 
has  drawn  up  a  list  of  radicals  arranged  in  tlic  order  o{  allinily 
for  ihe  hydroxyl  group  of  the  oxime  radical.  The  first  mem- 
bers of  the  series  have  the  greatest  attraction  for  the  hydroxyl 
grotij" ;  so  that  in  an  oxime  :-  - 

R-C— R' 


if  K  be  nearer  the   head  of  the  list 
group  will  lie  in  the  syn-position  to  K. 


than    K',   the  liydroxyl 


I 
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iniples  will  make  Uie  ntatier  clear  :— 
Oxime  uf  bciiioyl-acetic  a.ai\. 

c.H,— c— cH,.cooH  C.H.— c-<:h..cooh 

\  \ 

N— OH  HO— N 

Vtry  stable  (only  d-mi  kninvii).  Veij  unslnble  (iievei  isulilcJ). 


OiiniL-  gf  phetiyl-glyuxylic  acid. 

C„H,,-C-COUH 

C,H^C-COOH 

N-^OH 

HO— N 

Si.hk-. 

Ubile, 

Oxinit.'  or  subslitulird  1> 

t>,„phcnoncs. 

C,H.-C— C.H.X 

C.H,— C— C.H,X 

ll 

N— OH 

•    HO— N 

Geticiiklly  SI  able. 

Gentrallj  Btabk. 

The  action  of  substitueiits  in  the  benzene  ring  is  noniaL 
Siiiidi '  found  that  the  otlho-substiCucnts,  being  neaier  tbe 
hydroxy!  group  than  meta-  or  para-substituents,  exert  motC 
influence  upun  it. 

Oxime  of  weloplictloiii'. 
C,H„— C~CH,  C,H.— C— CH, 


Veryu 


N— OH 

.libit  (aevei  isulaletl). 


HO— N 
Vei'y  stable  (only  foim  known). 


It  will  be  evident  that  other  atoms  can  affect  the  relatiK 
stabilities  of  two  configuratioiis ;  and  an  explanation  of  cerlaiB 
of  the  facts  mentioned  in  previous  paragraphs  is  to  be  found 
this  way.  For  example,  it  has  already  been  said  that  (he  oxime 
of  phenyl-glyoxylic  acid  exists  in  one  fonn  in  alkaline  solution, 
but  is  transmuted  into  the  other  when  the  solution  is  acidified 
with  hydrochloric  acid.  This  is  explained  on  the  assumption 
that  the  attraction  of  a  sodium  atom  for  the  carboxyt  group  it 


'  Snaili,  Ber.,  »4,  ^aji  U^\>. 


Mi  tliat  at  a  hydrogen  atom,  so  that  when  iht;  hydrogen 
hydroxyl  grouj)  is  replaced  by  sodium,  the  compound's 
il  stability  is  altered  ; — 


N-UH 


C,H,— C-COOH 

II 
NaU— N 


The  ProgTOBS  of  Certain  Reactione.^li  has  been  shown 
preceding  paragraph  that  the  relative  stability  of  two 
somers  can  be  influenced  by  the  chemical  character  of 
oups  attached  to  the  doubly  linked  carbon  atom  ;  but 
Buence  extends  much  furllier  than  the  mere  stability  ul 
ft  forms,  and  ad'ects  also  those  intramolecular  reactions 
mte  governed  by  thu  distances  between  the  reacting 
F^In  a  molecule  of  the  type  X— C(NOH) -Y,  the 
:yl  radical  of  the  oxime  takes  up  a  position  in  space 
will  depend  upou  the  relative  strengths  of  the  attractions 
J  upon  it  by  the  radicals  X  and  V,  If  the  attraction 
is  comparatively  strong,  but  yet  so  weak  as  to  be 
to  produce  a  change  in  configuration,  the  result  miglit 
resented  graphically  as  below  :^ 


i  if  the 
hat  of 

ng:— 


X— C— Y 


attraction  of  V  were  very  strong;  in  comparison 
X,  the   configuration    might  be  similar  to    the 


N 


kr,  in  the  case  where  Y  is  a  hydrogen  atom  (i.e.  when 
mpoimd  is  a  synaldoxime),  it  is  self-evident  that  the 
olecular  elimination  of  water  will  occur  most  easily  "«Wew 
gmuped  as  in  the  Jast  example ;  and  V\\ms  &e 


I 
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e  of  the  radical  X  is  very  great,  though  it  is  not  dirrcil] 
concerned  in  the  reaction.  The  reahly  of  this  iufluaice  be 
comes  evident  on  comparing  the  properties  of  certain  aldoximet 
in  which  the  group  R  varies. 


CH,.C— H 

n 

N— OH 

Ace  laid  OKimc. 

C„H„— CH  :  CH.C— H 

II 

N— OH 
Citinunial<Jo\iiiip, 

C^HjS— C— OH 
N— OH 

ThiophcQC  aldoiime. 


COOH— CH,— C— H 

\ 

N— OH 


The  acetate  can  not  be  isolaidi 
acetic  anhydride  splits  off  waia 
even  at  ordinary  tem|)eratu[^ 

The  acetate  can  be  isolated  ;  btjl 
it  breaks  down  spontaneously 
even  at  ordinary  temperati 

The  acetate  can  be  isolated,  boi 
breaks  down  on  standing. 

The  acetate  may  be  kept,  bi 
breaks  down  into  the  iiiirilt 
when  treated  with  sodium  ca^ 
bonale  solution. 

'I'he  acetate  is  so  stable  tbal  no 
nitrile  is  produced    by  eiti 
sodium  carbonate  or  hydrat 
solution,    the    oxime    radii 
being  hydrolysed  off. 


It  appears  probable  from  the  above  that  the  configuiation 
of  these  compounds  can  be  graphically  represented  somewhi 
as  follows ; — 


CH,.C— H        CH,— CM  :  CH— C— H        QH,S— C— H 


V" 


:*k 


kR— C— COOH  R— c 

TOH         =  K 

IS  can  be  seen  from  the  following  table  ;— 


CO, 

■h,o 


CH,— C— COOH 

N— OH 
Mhyl-keloiimic  aciit. 

g,H^— C— COOH 

n 

N— OH 
anyl-keloiimic  aciii. 

;:,H,— c— cooH 

N-OH 
Phenyl-kelfwiiiiic  acui. 

COO  H  .C  H,  -C— COOK 

I 
N— OH 

ibcrl''ihydnJvimirlo-siici:inii-ai:id. 

»H— C— COOH 
N— OH 
AUoximic  nciil. 


Simitar  conclusions  may  be  drawn  from  ihe  pliL-nomena 
observed  during  oxazolone  formntion. 

Oia/.otones  are  produced  from  ^-ketoximic  syn-carboxylic 
acids  by  ibc  intramolecular  liberation  of  water  :— 


Breaks  down  with  acetic  anhyd- 
ride without  giving  an  acetate 
which  can  be  isolated. 

Gives  an  acetate  which  can  be 

isolated  but  is  unstable. 

Breaks  down  partially  with  ace- 
tic anhydride  ;  gives  a  fairly 
stable  acetate  which  decom- 
poses with  sodium  carbonate 

Undecom|>osed  by  acetic  an- 
hydride. 


The  acetate  is  undecomposed  by 


R— C— CH,-COtlH 
N— OH 


R-C- 


-CH, 

I 


J 
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Now,   it   has    already  been    mentioned   that    the  radical 
— CR..COOH  has  a  very  great   attraction  for  the  hydroxyi: 
group  of  an  oxime ;  and  we  can  therefore  deduce  that  it  wiD 
require  a  radical  R  of  very  strong  attractive  power  to  over- 
come the  other  attraction  and  prevent  the  formation  of  the 
ring.     Such  a  radical  is  only  to  be  found  in  the  carboxylic 
group.     It  has  been  shown  that  the  ring-formation  does  not 
occur  in  the  case  of  hydroximido-succinic  acid  so  easily  as 
in  cases  where   R   is  an  aromatic  or  aliphatic  radical     As 
before,  we  can  express  these  relations  graphically  : — 

CH3.C~CH2— COOH  COOH— C— CH,— COOH 

l!       OH  I 

OH 

An  analogous  example  of  the  influence  of  the  constitution 
of  certain  oximes  upon  their  configuration  and  reactions  is  to 
be  found  in  the  formation  of  oxazols  in  accordance  with  the 
equation  : —  » 

R   -C  -CH.— CO  -X  R-C— CH  :  C-X 

II                             -"^^^         .              II  I 

N-OH  ^  N O 

If  R  is  an  aliphatic  or  aromatic  radical,  the  ring-formation 
is  spontaneous.  If  R  be  a  carboxyl  group,  the  free  oxime 
is  stable.  If  R  be  a  hydrogen  atom,  there  is  no  tendency 
toward  ring-formation,  but  the  compounds  decompose  in  the 
following  manner  : — 

H-  C— C  H..— CO— X  C— CH,— CO-X 

II  =     H,0    +     II 

HO    -N  N 

After  compounds  of  this  configuration  have  been  sub- 
jected  to  the  action  of  transmuting  agents,  they  fo^ 
oxazols. 


m:^^| 
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The  same  relations  can  be  traced  in  the 
of  those  Itelnnic  acids  which  have  the  gener 

R 

'lC:NOH 

JcOOH 

M  in  ihe  last  case,  if  R  be  a  methyl  or  phenyl  radical,  the  ring- 
furmalion  is  sijontaneous ;  while  if  R  be  a  hydrogen  atom,  the 
compound  can  exist  in  the  free  stale. 

A  peruliarity  has  been  observed  in  the  relations  of  the 
dissociation  constants  of  the  a-ketoximic  acids,  which  may  be 
mentioned  in  this  place.'  It  is  found  that  in  the  case  of  the  series 
of  icids  of  the  j;eneral  formula  C.H.J,,  ^  ,—C(NOH)—COOH,  the 
dissociation  constants  of  the  acids  do  not  become  continually 
smaller  as  ii  decreases,  but  decrease  and  increase  alternately, 
ihe  (liflferences  between  the  two  numbers  becoming  smaller  as 
Me  go  further  up  the  scries.  In  all  the  compounds  with  which 
we  arc  now  concerned,  hydroxyl  and  carboxyl  radicals  are  in 
llic  syn-position  to  one  another,  so  that  the  attraction  of  the 
carboxyl  group  for  the  hydroxyl  group  is  greater  than  that 
exerted  by  any  of  the  alkyl  groups.  But,  as  can  be  seen  from 
the  figures  given  below,  the  influence  of  the  alkyl  groups  is  not 
at  .ill  what  we  should  expect.  In  the  first  acid,  we  have  simply 
a  hydrogen  atom  to  deal  with,  and  in  this  case  the  conductivity 
is  hiyh.  When  we  replace  this  hydrogen  atom  by  a  methyl 
radical,  the  conductivity  sinks  in  a  marked  degree.  Now,  it  is 
to  be  expected  that  if  we  introduce  an  ethyl  group  instead  of  a 
methyl  one,  we  should  find  a  still  further  decrease  in  conduc- 
tivity ;  aclually,  however,  there  is  a  rise  instead  of  a  fall.  And 
when  we  introduce  another  methyl  group,  by  changing  the 
ethyl  radical  into  a  propyl  one,  we  have  again  an  anomalous 
tesuh,  for  the  conductivity  is  decreased.  Thus  with  each 
successive  step  in  the  substitution  process  the  affinity  constant 
decreases  on  the  whole,  but  decreases  by  a  aeries  of  oscillations 


§  XI   SOAfF-  UNEXPLAtSl'D  CASES  OF  ISOMEHISM  tS  TITS 
CARBON'N/rHOGEX  COMPOI'.VDS.  1 


Loss 

ben  ill  v  I 


I'erner,'-'   and  Subak'   have  found    that  melhyl- 
r  acid  -.— 


N— (IH 

exists  in  ihroe  difltrent  miKlifica lions,  though  only  two  atejinv 
vided  for  by  the  theory.  The  syn-form  has  a  melting-poitil  o' 
44°  C,  while  the  anti-form  melts  at  64°  C,  Tim  third  isomer, 
which  is  easily  obtained  from  the  anti-form,  has  a  melting-poim 
of  101"  C.  Rolb  the  64T.  and  the  101°  C.  substance  give  the 
same  Ix^nMyl-derivative;  and  the  mok-cular  weight  of  the  ioi"C 

•  ('raiipare  the  enoieivlial  analogous  caw  of  ihc  iiiclting-{Kiiiit«  of  iW 
c]iclic  dicarUinylic  aciiis  011  |>.  ijo.  ti  shuiilil  lie  rtiited,  howevrr,  thai  ilw 
■tcduction  dcawn  by  Itanltacb  U  not  the  only  poeiblc  one;  for  if  li" 
rtiiiiluetinily  of  hjdraximyo-ptiipionic  acid  be  >hnoriiiRl,  Ihc  three  olhrf 
merely  fnrni  a  dneriiding  w ries  uT  no  iiaclicul.ir  I 

■  \emKn.  AnHolm,  Stt,  190  (1894):  883,  ;i6(iSg4). 

■  Werner,  itiJ.,n.  ti$o(iS96). 
'  Suh»k,  iM.,  ».  w^i  |iH9(<V 
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ration  is  simple.  Werner  attributes  the  existence  of  the 
lomer  to  some  kind  of  physical  isomerism. 
Dther  case,  though  not  quite  of  the  same  character, 
en  observed  by  Werner  and  Kuntz,'  who  found  that 
anthrylamine  exists  in  two  forms,  one  of  which  melts  at 
.,  and  the  other,  obtained  from  the  acetyl-derivative  of  the 
^7*5°  C.   On  acetylation,  both  compounds  yield  the  same 


NH, 


-/ 


X 


live.  Each  substance  gives  a  series  of  crystalline  salts, 
on  decomposition  regenerate  that  isomer  from  which  they 
>roduced. 


'   Werner  and  Kiintz,  Ber.^  34,  2325  (1901). 


CHAPTER  IV. 


STEREOlSOMEUiSM    IN   NITliOGKN    COMPOUNDS. 
5    1.    HISTORICAL. 

It  is  unnecessary  lo  deal  wilh  the  history  of  the  dia/o-coni- 
pounds  previous  to  1894,  as  tip  lo  that  lime  no  fans  of  sleieo- 
rhemical  interest  were  known.  In  that  year,  however,  Schraube' 
observed  that  when  normal  potassium  benzene  diazolalf, 
CHjNjOK,  was  treated  wilh  alkali  it  was  converted  into  a  nc* 
isomeric  compound,  poLissium  benzene  isodia/otate,  which  wis 
distinguished  from  the  original  substance  by  having  no  [lower 
of  coupling  with  ^-naphthol  to  form  azo-dyes.  Bamberger 
shortly  after  this  discovered  the  naphthalene  isodiazotatc  of  I 
potassium,  though  he  was  unable  to  isolate  the  norow^  | 
compound. 

The  constitution  of  these  bodies  was  determined  in  the 
following  manner.  It  was  found  that  when  the  iso-diazo  polss- 
sium  salts  were  treated  wilh  methyl  iodide  Ihey  yielded  nitros- 
amines  ;  e.g.  the  potassium  salt  of  isodiazobenitcne,  CH,NiOK, 
produces  melhyl-phenyl-nitrosamine,  CiH„N(CH.,).NO.  Krom 
this  reaclion  Bamberger  and  others  concluded  that  the  iso-diato 
salts  had  the  formula  C„H„.NK.NO.  Hantzsch'  brm^lit 
forward  some  evidence  against  this  hypothesis,  and,  instead  of- 
it,  put  forward  the  suggeslion  thai  the  two  diazo  salts  were 
structurally  identical  but  stereoisomerir  compounds.  The  for- 
mation of  tlie  nitrosamine  he  was  able  to  account  for  by  simple 


'  Schrogbe.  Bfr..  27.  514  I1S94). 
*  Bxmberger,  itid.,  87,  679  (1894), 
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lerism.  ihe  one  tautomeric  form  being  C„H,.N:N.OK,  and 
icr  lieing  QHjNK.NO.  The  case  is  somenhal  similar 
t  of  the  oxime  derivatives.  Ijiter  work  has  shown  the 
lility  of  Hantzsch'a  view,  for  new  series  of  isomeric  com- 
s  have  been  discovered  in  which  the  nitrosamine  form 
be  most  unlikely  to  exist ;  for  example,  Ihe  diazo- 
5,  R.N  :  N.SO^iK.and  the  diazo-cyanides,  R.N  :  N.CN. 


;   STRUCTURAL   IDES'nTY  OF  THE   ISOMERIC 
DIAZO-COMPOUNDS} 

mid  he  useless  to  enter   into  a  detailed    discussion 
;  which  led  to  the  abandonment  of  formulie  ■ 


X 


o 


-N  :  N— X 

II 
O 


uch  discussions  do  not  lie  within  the  province  of  a  hook 

itereochemistry.     There  is,  however,  one  formula  which 

e  dealt  with,  as  it  is  essential  from  the  stereochemical 

af  view  to  make  clear  its  relations  with   the    formula 

[ed  by  Hnntzsch. 

>msirand.  Erienmeyer  aen.,  and  Slrecker  suggested  for 

,zo-com pounds  the  formuln  : — 

I  Ar— N— X 

I  I'l 

i  N 

Ttom  its  resemblance  to  an  ammonium  salt  formula,  was 

the  diazonium  formula.     This  formula  fell  out  of  use, 

LS  revived  and  utilised  to  express  the  second 

mpound  :— 


Ar— N  :  N— X 


an  aromalic  radical  in  thne  fonnu\x. 
m»y  be  made  to  Haattsch  :  Die  Diase-mrb'tndunffm- 
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Hantzsch  investigated  the  matter,  and  showed  that  the  acid  i 
of  dia/o-benzene  cerLiinly  agreed  very  closely  in  properties 
with  the  ammonium  salts  ;  but  from  this  very  resemblance  he 
concluded  that  the  diazoniuii)  formula  could  not  represent  the 
roniiat  diaKo-compounds,  since  there  ar 
pounds  of  the  type  R.N.OX  or  R^N.SOjX,  and  the  ammonium 
cyanides  R.N.CN  have  properties  dilTering  entirely  from  thoie 
of  the  indifferent  normal  dia/o-cyanides.  Hantzsch  there/ort 
regarded  the  diaitonium  salts  as  belonging;  to  a  class  by  them- 
selves, apart  from  the  storeoisomeric  dia 7 o-com pounds  of  tl 
formula  Ar — N  :  N— X.  As  this  point  is  important,  we  shad 
deal  with  it  in  detail. 

In  the  first  place,  it  must  be  shown  that  the  no 
diazotates  cannot  be  expressed  by  the  dia;!onium  formula, 
they  could  be,  their  structure  would  be  : — 

Ar--N-  OX 

III 
N 

where  X  is  a  metallic  atom.  But  the  diazo-hydraies  are 
strongly  basic  comimunds,  and  it  is  not  at  all  probable  ^ut 
such  substances  in  aqueous  solution  would  react  with  alkilii 
to  form  stable  satis.  It  has  been  proved,  however,  that  the 
dia/otates  are  really  salts,  which  may  be  derived  from  a  hy- 
dralt;  Ar.Na-OH,  whose  acidic  properties,  though  weak,  are 
undoubted.  The  nearest  analogy  appears  to  be  the  acidic 
properties  of  the  oximes.  It  has  been  suggested  that  rtie 
dinKontum  radical  resembles  those  metals  the  hydroxides  of 
which  have  the  pro|«rty  of  reacting  either  as  a  base  or  as  an 
acid.  The  dia^onium  group,  however,  differs  from  these  am- 
photeric electrolytes,  for  when  it  displays  acid  properties  ihej 
arc  much  stronger  than  those  of  tin,  lead,  aluminium,  or  xinc; 
and  when  it  shows  negative  properties  it  surpasses  these  ele- 
ments in  this  case  also.  Evidently  the  strongly  positive 
diaj^onium  ion  :— 

Ar-N' 


N 
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■   iimol  becomt   slrongly   iivgalive  by  iho  siinjik  addiuon  of 
o\y-tii:- 

Ar     N     O' 

III 
N 

TLe  itia/onium  formula  is  tlnrefore  uiisuilaiite  for  dia^olaies. 

W'k  must  now  >ihuw  ihal  the  normal  dia/U'Sul|)liunati;s 
i-jiinot  be  expressed  either  as  diazoiiium-sulphonate^i  or 
dia/.onium  sulphites : — 

Ar  -  N  -SO,,X  Ar     N— O.SOA 


N 


N 


From  analogy  with  the  ammonium  salts,  it  would  be  quite 
ciut  of  the  question  to  suppose  thai  diazonium  could  form 
aulphonates.  The  sulphonate  formula  may  therefore  be  e\- 
I  Imied  Irom  the  discussion,  and  we  are  left  with  the  sulphite 
lotmula.  This  also  can  be  shown  to  be  untenabit:,  for  in 
.iijucuus  solution  a  diazonium  sulphite  would  form  three  ions, 


-N'^ 


■  K", 


N 


nd  so;'. 


Actually,  however,  the  sulplionates  give  rise  to  only  Iwo  ions, 
Ar — N, — SOii'  and  K".  Further,  so  long  as  their  ions  remain 
intact,  e^.  in  alkaline  soltilion,  the  sulphonates  do  not  give  (he 
reactions  either  of  diazonium  salts  or  of  sulphites,  finally, 
since  the  diazonium  ion  is  culourleis,  all  diazoniutn  salts  with 
colourless  anions  should  be  colourless,  while  actually  the 
labile  diai!o-sulpho nates  are  coloured. 

Lastly,  we  must  show  that  the  normal  diaiio-cyanides  can- 
not liave  the  diazonium  formula  : — 
Ar-  N    -CN 

111 

N 

A  true  dia^conium  cyanide  should  resemble  ammonium  or  potas- 
sium cyanide  in  properties.  The  anhydrous  normal  diazo-<:ya' 
nides,  however,  differ  from  ordinary  cyanides  in  most  i)roix:cties. 
They  are  only  slightly  soluble  in  waiter,  but  are  5o\u^Ve  \\\  \nos\. 
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organic  liquids   in  which    tlic  alkali    cyanides  arc   iniiolubl 
Unl.ike  the  alkali  cya:ii<l<;s,  thi:y  are  strongly  coloured, 
finally,  they  are  so  slable  in  presence  or  acids  that  many 
them  under  these  conditions  evolve  no  hydrocyanic  acid, 
is  evident  that  the  two  classes  of  substances  difler  too  much  lu 
be  of  a  similar  nature  :  and  it  seems  certain  that  the  diai 
cyanides  are  not  salts,  but  iiidiflerent  organic  substances, 
complete   proof  of  ihe  correclness   of   Hant^sch's  view 
}j;iv'en  by  the  discovery,  in  the  case  of  anisyl  diazo-cyanid^ 
CHnO.CH4.N.j.CN,  of  all  three  forms— two  isomeric  syn-  and 
anti-cyanides,  and  the  dia/onium  cyanide. 

Having  shown  that  the  isomerism  of  the  diaio-rompouiid> 
cannot  be  expressed  by  the  diai^onium  and  other  formula:,  vi 
must  now  prove  that  the  compounds  are  slcteoisomcric ;  awl  m 
order  to  do  this,  wc  must  lihow  that  the  structural  formula:  of  tin 
two  isomeric  forms  are  identical.  The  following  raume  of  tltoii 
properties  will  show  some  of  ihe  evidence  in  favour  of  this  view. 

The  normal  and  the  iso-dia rotates  are  colourless  salts,  both 
of  which  in  aqueous  solution  yield  the  isomeric  anion 
Ar — N.,  -  O'.     Neither  scries  depolarizes  a  hydrogen  electrode. 

Tl)e~  normal  and  iso-diazo-sulphonates  are  coloured  salts 
botli  of  which  in  aqueous  solution  yield  two  ions,  the  anions 
being  isomeric  and  coloured. 

The  normal  and  iso-diazo^yanides  are  coloured,  indttTercni 
substances,  which  dissolve  unchanged,  have  a  low  melting- 
point,  and  behave  in  every  way  like  true  organic  compounds. 

All  changes  which  take  place  in  the  diazo-complex  seem 
to  follow  the  same  course  in  the  normal  and  in  the  iso-Jia^o 
series.  Both  normal  and  iso-dia rotates  are  easily  reduo^l 
to  hydrazines;  bemioyl  chloride  converts  both  into  nitrosu- 
anilides,  and  by  oxidation  both  yield  nitraminic  sails  of  iht 
lype  Ar.N.jO.OX.  The  same  is  true  for  the  isomeric  dia/«- 
sulplio nates.  Further,  under  exactly  the  same  conditions  in 
each  case,  the  two  scries  of  diazo-cyanides  are  converted  inio 
diai'.o-aniides,  diaiio-t  mi  no -ethers,  etc.  It  has  also  been  shown 
that,  without  undergoing  any  previous  isomeric  change,  the 
rum|iouMds  of  each  series  unite  with  ben/cne  sulphrmc  acid  to 
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Ar~N  :  N— CN  +  C;h,.SO,II  =      _^N— N^ 

H 
Many  other  similarities  of  chemical  behaviour  could  be 
adduced,  but  sufficient  hus  buen  said  to  show  that  the 
^Imclural  nalure  of  the  two  isomeric  serius  is  probably  the 
Mnic.  iiut  Mncc  the  isomerism  is  similar  in  the  cases  of  the 
diazot.iles,  the  diaiio-cyanidcs  and  the  diazo-sulphonates,  it  is 
c^vidcnt  that  the  origin  of  the  isunicrisni  is  to  be  sought  in 
the  complex  Ar — N, — ,  and  not  in  the  radicals  attached  to 
this  nucleus. 

Now,  if  we  consider  the  possible  grouping  of  the  nioms 
Hilhin  the  radical  Ar — N» — ,  it  is  evident  thai  we  need  only 
lake  into  account  the  following  three  : — 
\t)  Ar— N  =  N-X         (i)  Ar— N-X         (3;  Ar-N=N--X 


Since  the  behaviour  ol  the  iso-dia/.o-etmiiwunds  shows  them 
10  have  the  formula  (i),  we  need  only  consider  the  other  two 
for  the  normal  dia/.o-com pounds.  It  has,  however,  already 
been  shown  that  these  liave  not  the  structure  (1);  and  the 
formula  (3)  suffers  under  almost  exactly  the  same  disadvantages 
as  (i).  AVe  are  therefore  left  with  no  alternative  but  to  assume 
that  the  formula  (i)  expresses  the  behaviour  of  the  normal 
diazo-com pounds  also.  But  if  the  comi>ound!>  be  structurally 
identical,  their  isomerism  must  be  of  a  steteochemieal  natuie. 


%    III.    THEORETICAL. 

According  to  Hantzsch,  the  compounds  of  the  type 
.\r.Nu-X  can  exist  in  two  slereoisomeric  forms,  ivhicli  he 
expresses  in  tlie  following  way  : — 

Ar— N  Ar  -N 


X— N 

Lit  bill'  tyji-iUaio-ciaiipuiin 


N     X 
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where  X  may  be  — CN, — SO3M,  or  — OM.  This  ismerel; 
further  step  in  advance  from  the  Hantzsch-Wemer  theory 
the  oximes,  just  as  that  theory  was  in  its  turn  an  advai 
along  the  lines  laid  down  by  van't  Hoff  and  Le  Bel.  1 
three  cases  may  be  given  here  for  the  sake  of  comparison— 


I.  In  carbon  compounds  : 
R-C— H 


R 


H 


R-C-H 

Cis-form. 

II.  In  carbon-nitrogen  compounds  :• 
R— C— H 


R— N 

Syn-form. 

III.  In  nitrogen  compounds : — 
R— N 


R'-N 

Syii-forni. 


c 
I 

H— C-R' 

Trans-form. 


R_C— H 

\        , 
N-R' 

Ami-form. 


R-N 

II 
N— R' 

Anti-form. 


The  syn-compounds  correspond  to  the  normal  diazo-o 
pounds,  while  the  anti-form  represents  what  were  previoi 
called   iso-diazo-compounds.     For   the  sake  of  clearness, 
tetrahedron  may  be  drawn  just  as  in  the  case  of  the  carl 
atom,  thus  : — 
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§    IV.    TUE    METHODS    OF   FORMATION    OF    THE 
ISOMERIC   DIA/M-CO,MTOVNDS. 

When  alkali  hydroxides,  silver  oxidu,  potassium  sulpbile, 
ir  potassium  cyanide  are  allowed  to  act  upon  diazoniam  salts, 
.yn-dia^o-com pounds  are  formed.  Nothing  appears  to  be 
uiown  with  regard  to  the  mechanism  of  this  rLactioti,  which 
an  be  expressed  by  the  following  equation  :— 


l> 


Ar— N-X  Ar— N 

iil  +      KOH=  I       +      KX 

N  HO-N 


Syn-compounds  are  obtained  by  other  reactions  as  well. 
For  example,  when  a  hydrazine  derivative  is  oxidised  with 
iiercuric  oxide  to  a  diaKO-com pound  : — 

Ar— NH— NH— R  +  O  =  Ar— N  :  N  -R  +  H,0 
1  syn-corapound  is  first  produced.     In  the  ordinary  diazotisa- 
tion  of  an  aromatic  amine,  the  first  substance  produced  is  the 
syn-variely. 

The  trans-forms  are  obtained  from  the  cis-forms  by  inlta- 
molecular  change;  the  method  employed  will  be  described 
in  the  section  dealing  with  the  transmutation  of  the  isomers. 


S  V.    THE    DETERMINATION   OF    TlfR    CONFIGURATION 
OF    THE    STEREOISOMERIC    DIAZO-COMPOUNDS. 

There  are  three  methods  by  which  Che  configuration  of 
a  given  diazo-com pound  may  be  ascertained  :  by  a  difference 
in  chemical  activity  between  the  two  isomers ;  by  intramole- 
cular decomposition;  and  fay  intramolecular  ring-formation. 
U'e  shall  deal  with  these  in  turn. 

It  was  pointed  out  in  the  case  of  tlie  ethylene  stereo- 
somers,  that  the  labile  form  possessed  a  greater  energy  content 
han  the  stable  form:  and  if  this,  by  analogy,  be  supposed  to 
lold  good  in  the  case  of  the  diazo*com pounds,  we  should 
ixpect  to  find  differences  in  chenaicai  activity  belvjeen  X\ie  V'kq 


i 
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isomeric  forms;  accordingly,  com[}omids  possessing  the  lecH 
sytnint^ttical  syn-formula  would  be  exi>ecled  Co  fall  into  UocH 
with  the  labile  stereoisomers  of  other  types  which  art;  aisa  H 
uiisymmetricat  in  configuration.  This  view  can  be  supponedH 
by  a  considerahle  amount  of  evidence.  For  example,  theH 
syn-compounds  are  more  explosive  Liun  the  anti-isomers ;  tliej  ■ 
are  more  easily  reduced  or  oxidi^icd  ;  and  are  more  easiij  I 
converted  into  nitroso-amides.  The  most  sinking  difTetencel 
in  chemical  properties  is  to  be  found  in  the  case  of  the  re- ■ 
action  between  a  diazo-compound  and  ^-naphthol .:  for  in  this  I 
case  the  difference  between  the  coupling  capacities  of  the  I 
two  scries  is  very  strongly  marked.  The  syn-compounds  ■ 
couple  immediately,  in  large  quantity  \  while  the  yield  froio  I 
the  anti-isomer  is  comparatively  small.  Differences  between  \ 
the  two  compounds  are  also  observed  in  the  case  of  water  of 
crystallization,  the  syn-compound  in  some  cases  crystallizini^  J 
with  one  molecule  of  water  while  the  anti-form  is  anhydrous.     J 

The  jihysical  properties  of  the  two  isomers  differ  consider- 1 
ably  from  one  another.  The  unstable  forms  have  a  greater  1 
solubility  and  lower  melting-ijoint  than  the  stable  variety.  1 
a  difference  which  recalls  the  case  of  the  ethylene  isonicis. 

It  has  already  been  repeatedly  pointed  out  that,  from  the 
stereochemical  point  of  view,  an  intramolecular  reaction  will 
take  place  most  easily  when  the  two  groups  concerned  lie  neat 
to  each  other  in  space.  Now,  it  is  found  that  derivatives  of 
the  unstable  diazo-series  decompose  much  more  readily  than 
the  corresponding  stable  isomers.  From  this  it  is  deduced 
that  the  groups  concerned  in  the  decomposition  lie  much 
nearer  to  one  anotlier  in  the  syn-compounds  than  they  do  m 
the  anti-forms.'  For  instance,  normal  (syn)  diazo-compoumJs 
deconi|K>se  directly  according  to  the  equation  :  — 

Ar— N  .A,r        N 

II      *        I    +  III 

X— N  X       N 

Again,  the  syn-dia/otate  of  sulphanilic  acid  decomposes 


iposes  KbnoH  J 
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uantitatively  at  ordinary  temperatures  into  potassium  phenol- 
ulphonate  and  nitrogen  : — 


SO3K.QH4.N 


HO— N 


SO.K.CeH,      N 

I    +   II 
HO        N 


^d  syn-diazo-cyanides  in  presence  of  copper  dust  are  decom- 
wsed  into  nitrogen  and  a  nitrile : — 


C«H^N 

II 
CN.N 


CH 


— > 


e'-'^c 


CN 


+ 


N 

II 

N 


This  appears  to  be  analogous  to  the  decomposition  of  the 
syn-oximes  into  nitriles  and  water : — 


H 


C-C«H 


tt^-^S 


HO-N 


H  C — C«H;, 

^        I  +11 
HO       N 


On  the  other  hand,  when  the  anti-diazo-compounds  are  used, 
these  reactions  either  do  not  occur,  or  at  the  best  are  very  slow 
in  their  progress. 

The  third  method,  from  intramolecular  ring-formation, 
Spends  upon  the  same  principle.  In  the  case  of  the 
anhydride  formation  of  maleic  and  fumaric  acid,  we  have 
already  had  an  example  of  a  difference  between  two  isomers, 
as  regards  the  formation  of  a  ring  within  the  molecule.  Intra- 
molecular ring-formation  is  a  common  reaction  with  the  diazo- 
compounds,  and  it  appears  that  the  syn-compounds  are  those 
^hich  form  the  rings  most  easily.  Two  examples  of  the 
production  of  cyclic  compounds  may  be  given.  The  hydrate 
^f  syn-iKiiazo-thiophenol  loses  water  spontaneously,  and  is 
inverted  into  benzo-thiodiazol : — 


/ 


SH 


C^4 

\  ) 

N:N 


OH 


S 
/    \ 

CeH,        N 

\     / 

N 
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And  a  similar  luss  or  water  takes  place  in  the  case  of  onb» 
methylated  dia^o-hyd rates,  leading  to  indazol  formation  :- 


OH 


C.H, 

\ 


5  VI.  Ti/E  TRANSFOKMATIOM  OF  IHE  ISOMhUIC  DIAZCy 
COMPOUNDS  JNTO  ONE  ANOTIIKK  A  Mi  INTO 
N/TKOSAAf/NES. 

1.  TrasBmntation  of  Syn-  into  Anti-compoandB.^A  diied 

conversion  of  the  syn-isomer  into  the  corresponding  trans- 
compound  can  easily  be  brought  about.  In  the  case  of  ibe 
diaKO-hyd rates,  it  can  be  produced  by  solution  in  aqueoW 
alkali ;  the  syn-diazo-sulphonates  can  be  changed  into  tbl 
anti-configuration  by  the  same  method;  while  the  diaa> 
cyanides  require  an  alcoholic  solution.  In  some  casei^ 
however,  these  metborfs  fail,  and  it  is  then  necessary  to  fonn 
the  addition-compound  with  benzene  sulphinic  acid  and  pu5 
over  into  the  anti-compound  by  loss  of  the  sulphinic  acid  :— 

Ar-N  Ar-N-H       "g'      Ar-N 

II -|-C,H,SO.,H >        I         "^—^         \\     +C,H^,H 

X-N  X-N-CH30,H         N-X 

No  means  are  at  present  known  by  which  compounds  ot 
the  anti-series  can  be  directly  converted  into  syn-derivatives , 
but  an  indirect  method  is  sometimes  used.  When  an  anil 
diai!otate  is  treated  with  an  acid  chloride,  il  gives  rise  to  an 
acyl-nilrosamine,'  which  on  treatment  with  potash  products 
the  syn-form. 


'  VoQ  Fechnuum,  Her.,  81,  6^  -,  UaiiA»iiiEi,  ib 
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■■\->J  rn.coc,     Ar-N-CO.CH,     j,,,!! 


N— OK 

i-diuotAte. 


Ar-N 

'I 

KO— N 


Since  ant i -com pounds  can  be  converted  into  isomeric  diazo- 
nium  bodies  by  means  of  hydrochloric  acid,  and  the  diazonium 
derivative  in  turn  can  be  changed  into  a  syn-com pound  by  the 
action  of  sodium  hydrate,  a  complete  series  of  changes  can  be 
brought  about   which    may  be  represented    by  the   following 


NaO— N 


N— ONa 


2.  ConTeTBion  of  Syn-diaito-  into  Diazonium  CompoundB, 
and  vice  versi. — This  change  is  never  found  io  be  complete  ; 
but  an  equilibrium  mixture  of  the  two  isomers  is  always  formed. 
The  change  of  diazonium  to  diazo-com pound  is  brought  about 
by  the  action  of  alkalis,  polassium  cyanide,  or  potassium  sul' 
phite  upon  the  diazonium  salt ;  while  the  reverse  change  lakes 
place  in  the  presence  of  acids. 

3.  Change  of  Anti-diazo-compounds  into  Nitroaamines. — 
The  syn-diazo- com  pounds  show  a  marked  resemblance  to  the 
diazonium  salts;  while  the  anti-diazoKompounds  approach 
more  to  the  primary  nitrosamine  type ;  this  is  especially  true 
of  the  anti-diazo-h  yd  rates.  These  compounds  are  obtained 
by  the  action  of  acids  upon  their  salts.  When  generated,  they 
are  weak  acids;  but  they  soon  lose  this  property,  for,  owing 
lo  their  very  great  instability,  they  are  rapidly  converted  into 
[he  isomeric  nitrosamines  : — 


R— N 


R— NH 
1 
N:0 


I 


3fii    sr^/^T-n/so.VF.f^fSAf  without  activity 

Both  the  nitrosamine  and  the  anti-dinzo-compound  can  bt 
converted  into  the  corresponding  diaMnium  salt  by  treating 
their  aqueous  solutions  with  acids. 


§  VII.  THE  INFLUENCE  OF  THEIR  CONSTITUTION  UFOS 
THE  CONFIGURATION  OF  STEREOISOMERIC  DIAZO- 
COMPOUNDS. 

Hantzsch  makes  the  following  generalisations  upon  this 
question  ; — (i)  In  the  relations  between  diazonium  and  diaxo- 
compounds,  if  the  bcn);ene  nucleus  be  made  more  positive  in 
character  by  the  iiitrodoction  of  alkyl  radicals,  the  diaxoniutn 
type  is  rendered  more  stalile ;  while  the  converse  is  true  if  the 
hcnzene  group  be  made  more  negative  in  character  by  the 
substitution  of  halogen  atoms  for  hydrogen.  For  example, 
trimethyl-diazo-benzene  bromide,  (CHijj.CnHa.NrN.BT,  is  very 
slightly  explosive,  and  has  but  little  colour;  while  tribromo- 
diazo-benzene  bromide,  Br,.C,H.i.N:N.Br,  is  extremely  explo- 
sive and  intensely  coloured,  (j)  In  the  relations  between 
syn-  and  an ti-diazo-com pounds,  llie  influence  of  substituent.' 
in  the  benzene  ring  can  be  traced,  tliough  it  is  less  marke<i 
than  in  the  previous  case.  Its  greatest  eflecE  is  shown  in  the 
transmutation  of  the  isomers.  In  the  case  of  the  diazotatcs, 
methyl  subslituents  seem  to  binder  the  transmolation.  while 
halogen  atoms  facilitate  it.  For  instance,  the  transmutation  of 
trimethyl-benzcne-syn-diazotate,  (CH:,),.CbI1..N:N.0X,  is  vetf 
diRicultto  bring  about;  benzene-syn-diazolate,  CjH,.N:N.O^ 
is  much  easier  to  transmute,  as  it  changes  at  a  temperature  above 
loo'  C;  while  the  /-bromo-derivative,  Br.C„H,.N;N,OX,  la 
changed  by  mere  boiling  with  alcohol.  In  the  case  of  the 
diazo-sulphonales  these  conditions  are  reversed,  for  in  their 
case  halogens  hinder  the  change,  while  alkyl  groups  fadlitale 
it.  The  same  is  true  for  the  dia^o-cyanides.  In  all  three 
cases  the  nilro-group  facilitates  the  transmutation.  (3)  In  the 
relations  between  anti-diazo-hydrates  and  primary  nitrosamineSi 
the  presence  of  halogen  atoms  in  the  benzene  ring  appears 
ivQur  the  nitrosamine  (otma^on- 


: F.RFA'ISii.MEia.'-'M  IS  SirK<n:r..\  COMfOUNn.'i   i6^ 


\   V[II.   DIA10-C0MP0U!^DS   IVltlCH  DO   NOT  EXHIBIT 
STEREOISOMERISM. 

In  ihe  class  of  the  diazo-com pounds,  by  far  the  greater 
number  of  substances  have  as  yet  been  prepared  in  one  form 
oniy.  This,  in  most  cases,  is  the  anli-configutalion.  It  appears 
probable  that  in  these  compounds  the  syn-form  is  extremely 
labile,  and  is  thus  converted  into  llie  trans-form  before  it  is 
possible  to  isolate  it.  Examples  of  this  type  are  tri-bromo- 
benzene-diazotates,  all  nilr>ben2ene-cIiazotates,  al!  diawi- 
phenol-sulphonates,  and  all  diazo-cyanides.  On  the  other 
hand,  some  cases  are  known  in  which  the  only  existing  form 
belongs  to  the  syn-series.  For  instance,  naphthalene  diazo- 
sulphonates,  C|„H,.N:N.SOaXi  and  pseudo-cumol  diazo-cya- 
nide,  (CH,,),C,H,.N:N.CN,  exist  only  in  one  form,  and  show 
all  the  properties  of  syn-com pounds. 


^   IX     THE   CONFIGURATION  OF  NON-ARO.MATJC  DIAZO- 
COMPOUNDS. 

According  to  Hantzsch,  the  open-chain  a:£o-  or  diano-com- 
pounds,  such  as  azo^Jicarhoxyiic  ester,  COOEt— N : N -COOEt, 

and  potassium  azoraethane  sulphonate,  CH,^N:N — SO,K, 
from  their  stability  must  be  classed  as  anti-compounds, 
rhe   cyclic    fatty    diazo-com pounds,    such    as   diazo-me thane. 


N 


N-. 


CH,  Ij  ,  or  diazo-acetic  ester,  |    CH.COOEt,  from  their  methods 

N  N-^ 

1  il  formation  and  decomposition,  must  be  considered  as  internal 
inhydrides  of  syn-diazo-hyd rates. 

N.C  Hr  COOEt 

N.OH 

Hantzsch'  has  also  suggested  that  nitramide  and  hyponitrous 

'  HanlcKh.  An/ia/ei/,  292,  340  (lik^). 


11     CH.COOEt 
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acid  are  really  structurally  identical ;  and  that  ihey  owe  iheid 
isomerism  lo  apace  differences.     He  formulates  ihem  thus  :- 
HO.N  HO  N 

I  li 

HO.N  N.OH 


Syn-diaiohyilrnli 


§   X.    OTHER   CASES  OF  STERi:01SOMERISM  IX 
TRIVALENT  NITROGEN  COMPOUNDS. 

We  must  now  consider  the  evidence  in  Tavour  or  the  e 

istence  of  stereoisomeric  compounds  of  the  typu  Naitc.     Miller 

and  PliJchl,'  by  the  action  of  asymmetric  xylidine  upon  acid 

aldehydes    in  alcoholic  solution,  prepared  a  mixture  of  t 

isomeric  suljstances,  iHJth  of  which  gave  the  following  reactio 

They  gave  the  tests  for  an  aldehyde  group;   they  gave  the 

same  benzoyl  derivative ;  they  both  condensed  with  «-xylidine 

to  give  the  same  product,  whose  formula  was  supposed  to  be:^ 

(CH.),.C.H,.NH.CH.CH„ 

1 

(CH,),.C„H„.N:CH.(:H, 

Finally,  it  was  found  that  they  differed  only  in  solubility  and 
melting-point,  and  could  he  converted  into  one  another  easily. 
These  facts  can  best  he  expressed  in  the  formula  : — 
(CH,,)..C„HvNH.CH.CHa 

I 

CH, 
I 
CHO 

Miller  and  Pliichl,  in  order  lo  explain  tliis  case  of  isomerisn^' 
jxistulated  that  the  three  valencies  of  the  nitrogen  atom  are 
so  arranged  in  sjsice  that  the  compound  \iabc  can  exist  in  two 
forms,  which  may  be  expressed  by  r — 


'  Miller  s 


1  Pllichl,  Bfr.,  2fi,  1025  (1S93) ;  87,  1281  (1894);  Ml  t- 


I    I 


-N— R' 


'iligerodt  found  ihat  when  dinitro-chlorobenzene  ■ 
ed  lo  act  upon  phenylhydraj;ine,  the  result  was  a.  mixture 
o  products,  one  being  an  amorphous  powder  which  was 
y  transformed  into  the  other  isomer,  a  crystalline  sub- 
s.  A  similar  isomerism  was  noticed  when  either  a-  or 
ihthylhydrazine  was  substituted  for  phenyl  hydrazine.  An 
nation  was  put  foi-«-ard,  based  upon  the  idea  that  the 
;en  valencies  were  distributed  in  space  in  the  manner 
ited  above,  the  two  isomeric  forms  being  represented  by 
■mulK  :— 
i  K     H 

rftipHes  lliat  the  rotation  nf  the  two  nitrogen  atoms  about 
common  axis  has  been  prevented  in  this  case— a  view 
cannot  be  brought  into  harmony  with  our  present  know- 
of  the  behaviour  of  two  atoms  united  by  a  single  bond, 
aung  and  Annable,'*  by  the  action  of  benzoyl  chloride 
plienyi-semicarbazide,  prepared  two  isomeric  products 
same  general  formula ;  ihey  attributed  the  isomerism  to 

ranical  differences  expressed  in  the  formul.-e^ 
NH— CO-NH.  Cn  -C„H, 

I  I 

N  -CO-C.H,  N— NH— CO--NH,, 

C,H.  C„H, 


R— N— N- 

I 


J  work  of  Widman,'  and  of  Michaelis  and   Schn 
]  also  be  consulted  on  this  point. 

/nTgerodl,?./^.  «™.,  [i]  87,  449{lS88| ;  WillgcroiU  am)  Sc 

3,  >77  (1S9'). 

oung  and  Annable,  Troni.,  71,  104  (1S97). 

jebaeiis aad  Schmidt.  iM.,  20,  17(3  (1SS7) 


idt* 
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Quile  recently,  Willstatter  and  BL-tiit '  observed  a  c 

isomerism  in  the  a/o-series.     They  found  that  if  /t-azophcw 

were  oxidised,  the  resulting  quinone-azine  yielded  on  redueliod 

a  new  azo-phenol.     They  advanced  the  explanation  ihal  it 

two  bodies  were  stereoisomers  of  the  configurations  : — 

HO.QHj— N  N— C.H,-OH 

II  II 

N— C„H..OH        N~C„H,.OH 

It  is  not  yet  proved  that  this  is  the  case. 

We  must  now  turn  to  those  compounds  in  which  tbd 
nitrc^en  atom  is  a  member  of  a  ring,  so  that  two  of  ll 
valencies  are  maintained  in  one  plane.  This  case,  beiDi 
parallel  to  that  of  the  oximes,  seems  to  offer  more  chancta 
the  occurrence  of  stereoisomerism  than  is  given  by  the  casa 
we  have  just  been  considering. 

Ladenburg '  found  that  by  distilling  coniine  hydrochloriilc 
with  zinc  dust  and  a  little  water,  he  was  able  to  produce  i 
new  isomeric  compound,  which  has  been  called  iso-coniinc. 
This  new  isomer  differs  from  coniine  itself  only  in  its  optial 
rotatory  power,  and  the  solubility  of  its  platinichloridc  ir 
alcohol  and  ether.  Ladenburg  attributes  the  isomerism  ic 
steric  causes,  supposing  it  to  be  a  kind  of  cis-irans  isonierisra 
cxpressilile  in  the  two  formulas : — 

C,H,       H  C,H,       H 

II  II 

c c  c c 

h/I  i\h  /i  I\h 

1/    H  H  \]  /  H  H  \ 

N  <:  N  c 

\l  l/ll  H\l  l/H 


one  of  the  figures,  the  hydrogen  atom  attached  to  the  nitiogai  I 
s  on  the  same  side  of  the  ring  as  the  isopropyl  radical;  * 


'  Wi11<liitier  anil  Ben»,  Jl«..  39,  3491  (1906). 

'  J.3dcnliiirg,  ibid.,  36,  8^4  U^^>  •  >;on>¥Kn  ibid.,)^  W>&l4««>^~d 
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1  the  second  figure  the  two  lie  on  opposite  sides  of  the  ring. 
L  similar  case  was  observed  by  Ladenburg  ^  in  stilbazoline  : — 

H9C  CHj 


H,C^H  -C— CH : CH,CeH. 

for  this  substance,  on  heating  in  a  sealed  tube  to  300°  C,  gave 
an  isomeric  compound,  isostilbazoline,  of  different  rotatory  power. 
Here  again  the  solubilities  of  the  two  isomers  are  different. 
The  same  explanation  has  been  applied  to  the  case  of  tropine 
and  i/f-tropine ;  the  methyl  group  being  in  one  case  supposed  to 
be  on  the  same  side  of  the  molecule  as  the  hydroxy!  group,  and 
n  the  other  case  to  be  on  the  opposite  side  of  the  molecule  : — 


CH,- 


CH— CH, 


CH.— CH 


-CH. 


/ 


H 


HO 


/ 


CH 


/ 


N 


CH. 


./ 


H 


HO 


/ 


C 


N 


/ 


CH, 


CH— CH. 


CH2-CH CH, 


Groschuff  ^  explains  the  occurrence  of  two  forms  of  the 
ol lowing  phenyl-isocyanate  derivative  of  a-vinyldiacetonealk- 
imine  in  like  manner : — 

OH  CO.NH.QH, 

l/CH,— C(CH3),x| 

P  CH2— CH(CH,) 
H 


OH 

I^CH^ — C(CH,y,\ 

I    ^CH,— CH(CH,; 
H 


^ 


CO.NH.CnH 


C  '6 


'  Ladenbur/i',  Ber.^  %^^  3694  ( 1 903V 
^  (rroschuffl  f'M.j  84,  2974  (1904). 
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It  might  be  suggested  that  this  isomerism  was  due  to  tiii! 
presence  in  the  ring  of  the  two  asymmetric  carbon  aloi 
marked  with  asterisks.  Since,  however,  the  same  isomeriim 
occurs  in  the  triacetone-alkamine  : — 

OH 

1^  CH^C{CH,)„x 
C,  NCO.NHCH, 

H 

in  which  there  is  no  asymmetric  carbon  atom,  it  seems  tliJiT 
the  cis-trans  explanation  is  the  only  adequate  one. 


§   XL   STF.REOlSQMERlS\t  /.V  INACTIVE   COMPOUNDS 
OF  PENTAVALENT  NITROGEN. 

In  the  series  of  salts  of  pentavalent  nitrogen,  several  cases 
arc  known  in  which  inactive  isomeric  salts  of  different  crystalline 
form  exist.  Le  Bel  discovered  several  such  instances,  but  he 
has  recently '  announced  thai  he  considers  them  to  be  merely 
cases  of  dimorphism,  and  not  of  siereo-isomerism. 

Schryver'^  obtained  two  platinum  sails  of  methyl-dieihyl- 
isoamyl-ammonium  chloride,  which  differed  from  one  another 
in  crystalline  character. 

Evans,''  by  the  action  of  propyl  iodide  on  ethyl-])iperidine, 
or  of  ethyl  iodide  on  propyl-piperidine,  produced  a  mixture  of 
hemihedral  crystals  of  the  monosym metrical  system.  Neither 
of  the  forms  was  optically  active. 

Wedekind  found  several  cases  of  what  he  supposed  lo  b 
inactive  stereo-is omeric  substances ;  but,  on  further  investigi 
lion,*  these  have  been  proved  to  be  either  structure  bomers  or 
not  isomeric  compounds  at  all. 

'  Lc  Bel,  J.  Chim.  fhyi.,  B,  340  (19041, 
'  Schryver,  Pnt.,  7,  39  (1891K 
'  Evaiu,  Tram..  71,  521  (1897). 
'  Jones,  rViii/.,  W,  \yi.\  Ky^'^ 
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Aschan  ^  prepared  two  derivatives  of  ethylene-dipiperidine 
nd  methyl  iodide  which  appeared  to  be  dimorphous.  Later 
fork  has  shown  that  they  were  the  same  substance. 

The  evidence  in  this  question,  therefore,  is  mostly  negative ; 
nd  it  seems  not  unfair  to  conclude  that  the  cases  which  have 
sen  observed  are  cases  of  dimorphism  rather  than  of  stereo- 
omerism. 


^  Aschan,  Bar.,  88,  988  (1899). 


CHAPTER  V. 

STEKIiOISOMEKlSM    IN    COLALT   COMl'UUNDS. 


I 


§  1,    GENERAL. 

In  the  remaining  chapters  of  thU  seclion  tlie  theory  put  forward 
by  Werner'  will  be  briefly  treated.  It  seems  possible  only  K 
sketch  the  outlines  of  his  work,  as  up  to  the  present  tliere  doa 
not  appear  to  be  a  sufficient  accumulation  of  material  to  allcw 
more  than  this  to  be  done. 

In  order  to  explain  the  formation  of  molecuJar  compoundi 
from  simple  salts,  Werner  has  put  forward  the  hypotheffl 
that  there  are  really  two  sets  of  valencies  concerned  in  ths 
formation  of  a  molecular  compound,  i.e.  a  double  salt.  Those 
valencies  which  are  utilised  in  the  structure  of  simple  salts  hi 
designates  Prineipal  VaUncits,  while  those  which  are  brought 
into  play  by  the  formation  of  double  salts  are  termed  bv  j 
him  Auxiliary  leniencies.  It  must  not  be  supposed  thai  ' 
these  two  classes  differ  in  any  essential  quality ;  they  i 
merely  different  in  degree,  just  as  a  yard  and  an  inch  difict 
from  one  anodier. 


§  II.   NOMENCLATURE, 

Werner"  has  suggested  the  following  system  of  nointai 
clature  for  the  stereo-isomeric  cobalt  salts.  'I'he  name  of  ai 
given  compound  is  made  up  of  tlie  names  of  the  atoms  x 

'  Wcroer,  Annakn,  32S,  261  (1902).  An  hibioricil  ncconnt  or  1 
work  has  been  ((ivyii  by  Werner  {Hrr.,  40,  15  (11)07)).  Full  refcreucct . 
10  be  fuutid  in  Ihni  paptr.     Sec  a1»u  Aiiiaim,  861,  65  (uycn). 

*  Wemei,  ^it.  atmrgdH.  CAim.,lVi\  U*qTV 
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wnic  groups  of  which  ttie  molecule  is  composed.  All  atoms 
radicals  which,  being  directly  united  to  the  metallic  atom, 
mi  with  it  a  complex  radical,  have  the  suftix  o  attached  to 
sir  names,  which  are  then  placed  before  the  name  of  the 
The  acid  radical  is  placed  lirst  in  this  case,  then 
aes  of  the  groups  which  replace  the  NH.,  radicals  in 
ipound,  and  finally,  immediately  before  the  name  of  the 
:l3l,  comes  the  number  of  ammonia  molecules  in  the  com- 
und.  These  ammonia  molecules,  having  different  properties 
im  the  ordinary  ammonia  molecule,  are  distinguished  by  being 
lied  Ammino.  Similarly,  molecules  of  water  in  the  salt  are 
aignatcd  Aquo.  All  atoms  or  atom  groups  which  are  not 
eclly  united  lo  the  complex  radical  containing  the  metallic 
iva  have  their  names  placed  after  the  name  of  the  metal. 


r 

BoniB 


rtlE  STkUCTURE   OP  THE  MQLKCULAH 
COMPOUNDS  OP  COBALT. 


:tab  have    the  property  of  uniting  widi  several 

ilecules  of  ammonia  to  form  complex  radicals  which  arc  able 

single  ions.     The  greatest  number  of  ammonia  groups 

ich  can  be  united  to  a  single  metallic  atom  appears  to  be 

In  the  case  of  the  cobalt  compounds,  since  the  metal  can 

both  as  a  dyad  and  a  triad,  two  classes  of  ammonia  deriva- 
s  are  known,  one  of  which  corresponds  to  the  divalent  state, 
le  the  other  series  is  derived  from  the  trivalent  atom.     For 

present  purpose  the  latter  compounds  are  of  more  impor- 
ce  than  the  former. 

There  are  four  compounds  formed  by  the  union  of  ammonia 
li  the  compound  CoXj,  in  which  X  reiiresents  an  acid  radi- 

:  and  we  may  write  down  the  formula  of  these  substances  in 

following  way  :— 

X,  +  3NH,;CoX, +  4NH;,;  CoXj  +  sNH,;  CoX,  +  6NH, 

;se  formulae,  however,  do  not  represent  the  most  salient 
ercnces  between  the  com|K)unds,  which  differences  apix:ar 
;n    the>    undergo  ionisation.      It    is  found   thai  tn  »^^a& 
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members  of  ibe  series  the  acid  radicals  X  appi::ar  lo  lose  i!> 
acid  properties,  for  they  can  no  longer  be  ionised  away  Fromi 
main  complex  of  the  molecule.     In  order  to  express  tbii  bt 
haviour  it  will  be  necessary  to  devise  new  formula;.     This 
best  be  done  by  placing  the  inactive  radicals  X  within 
bracket  along  with  the  rest  of  the  molecule,  and  leaving 
those  acid  radicals  which  still  possess  the  property  of 
ionisation.     ^Vhen  this  is  done,  the  results  are  as  followB 

r  X. 

Co 
I   (NHJ, 


J         I   (NH.)J  [    I 


Co         [X, 

I    (NH.). 


Now  there  is  a  compound  trinitritotriamminocobalt  whid 
appears  to  have  the  properties  represented  by  the  formula 

(NO,),  -I 
Co 
(NH,),J 

for  although  it  contains  three  nitro-groups  it  has  no  true  aciil 
radical ;  that  is  to  say,  it  gives  rise  to  no  ions  when  in  aiiueout 
solution.  This  behaviour  can  be  accounted  for  only  if  « 
suppose  that  al!  the  acid  groups  are  directly  allachcd  lothe 
ci>balt  atom,  as  is  shown  w  the  formula  :— 

NO, 


(NHj.Co     NO, 


for  if  they  were  united  to  tlie  ammonia  radicals  they  would  a( 
as  they  do  in  ammonium  nitrite,  and  dissociation  would 
[lossible. 

The  question  of  the  ammonia  groups  must  npw  be  dc 
with.  It  has  been  found  that  one  of  these  can  be  replaced  b| 
a  nttrito-rndical,  and  that  in  the  comjwund  riisulting  from  su 
a  substitution  all  four  nitrito-radicals  have  exactly  ibe  sai 
propcTtics  as  Ihc  three  had  in  the  trinitri to-compound.  T 
fonnuU  for  the  letranitrito-subslance  can  be  written  thus  : — 


This  shows  that  one  of  the  three  ammonia  groups  is  directly 
Utached  to  the  cobalt  atom  ;  and  it  is  almost  certain  that  the 
Other  two  are  similarly  joined,  as  without  such  ah  assumption  it 
is  difficult  to  explain  the  fact  that  their  chemical  behaviour 
shows  them  to  be  completely  separated  from  the  acid  radicals. 
The  fonnulie  for  the  tetranitrito-diamminocobalt  above  might 
therefore  be  written  as  : — 


NH,. 


.NO, 


NH, 


K 


NO, 


The  action  of  ammonia  upon  the  tri  am  mi  no-salts  produces 
\  series  of  compounds  in  which  ammonia  replaces  the  acid 
radicals  in  succession,  causing  them  to  alter  their  character, 
uid  become  ionisable,  thus  :— 


NO.- 

(NH>),Co— NO, 

^NO, 

NO,- 
(NH,),O^N0, 

NH, 

NO, 
(NH.),Co^NH, 


NO, 
NO, 


NO,!  NO, 

(NH,),Co— NO, 


(NH,),Co— NH, 

^NH, 


(NH,),Co— NH,    NO, 
^NH,  J  NO, 


From  the  stereo-chemical  point  of  view,  however,  we  need 
leal  only  with  the  diacido-tetramminocobalt  ammonias,  whose 
ormula  is^ 


I 
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rIV.    THE  SPACE   FOK.\rUL.-E   OF   TlfE   MOLECULAt^ 
COMPOUNDS. 
I'he 


X,  ,NH, 

'.CofNH, 

X        \NH. 


The  structural  formula  for  the  hexamminiccohalt  salts  is 


jNH,  NH, 

'  NH„  Co  NH. 

[NH,  NH, 


If  we  attempt  to  find  a  space  formula  corresponding  to 
structural  one,  it  is  obvious  that  we  must  arrange  all  si 
ammonia  radicals  symmetrically  around  the  cobalt  atom;  Fo 
if  they  were  not  thus  symmetrically  arranged  their  properti 
would  probably  differ  in  each  case.  Now  six  iwinB  can  1 
thus  symmetrically  arranged  in  space  if  lliey  are  placed  at  the 
corners  of  a  regular  ociohedron  : — 


■  compo 

^K        obtain 


Fig.  44. 

Since  it  would  be  almost  impossible  to  discover  the  tm 
space  jiosition  of  the  X  radicals,  owing  to  the  ease  with  whic 
these  are  separated  from  the  rest  of  the  molecule  by  dissooi 
lion,  it  will  not  be  necessary  to  define  their  relations  to  the  n 
of  the  complex. 

When  we  apply  the  above  space  formula  to  the  case  of  ll 
ipounds  containing  five  molecules  of  ammonia,  we  a 
obtain   the   following  symbol,  in  which  the  non-ionisable 
r^ical  is  shown  directly  attached  lo  ihe  cewUal  cobalt  a 
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NH, 


NH, 


-7 


Co 


NH, 


NH, 


NH 


The  first  case  where  isomerism  becomes  possible  is  that 
r  the  diacido-tetramminic  salts  of  the  type  : — 


X., 


Co 


(NHs)^^ 


X 


lere  a  second  acidic  radical  must  enter  into  direct  union  with 
[ie  cobalt  atom,  and  it  is  apparent  that  this  may  occur  in  two 
rays :  the  two  radicals  may  be  at  the  ends  of  the  same  edge,  as 
1  the  first  figure ;  or  at  the  opposite  ends  of  a  diagonal,  as  in 
le  second  figure : — 


NH,(M 


NH3i^) 


NH,1») 


NHji*) 


NHa*) 


NH.C) 


Compounds  of  this  type  may  thus  occur  in  two  isomeric 
forms  which  will  differ  from  one  another  but  little  in  their 
chemical  properties,  since  these  are  for  the  most  part  due  to 
the  ionisable  radicals  which  play  no  part  in  the  isomerism. 

A  series  of  such  isomers  will  now  be  described,  some  of 
which  contain  ammonia  radicals,  while  in  others  ammonia  is 
replaced  by  amino-compounds.  The  compounds  derived 
from  ethylene  diamine,  which  correspond  to  the  formula 
(X,Co.enj)X  have  been  most  closely  studied.  Here  en.^  re- 
Pri^sents  two  molecules  of  ethylene-diamine,  NHaCH^CHoNHo, 
*od  is  equivalent  lo  four  molecules  of  ammonia. 
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§   V.    TYPES  OF  THE    STEREO  ISOMERIC  COMPOUNDl 

(NO,), 


I .  Dinitritotetrammino  cobalt  salts : 


Co 

.      (NH,), 

Flavo-salts  discovered  by  JorgensenJ 
Croceo-salts  discovered  by  Gibbs.* 

f      (SO,). 
2.  Disulphitotetrammino  cobalt  salts  :     Co 

L      (NH,)J 


X 


R 


Reference  may  be  made  to  the  work  of  Hofma 
and  Reinsch,''  Werner  and  Griiger,*  and  Hofma 
and  Jenny.' 

3.  Dichlorodiethylenediammino  cobalt  salts  :  ^CLCo.enJ 


Violeo-salts  1    ,.  ,  .     x  • 

Praseo-saltsj  d'«<=overed  by  Jorg 


ensen.* 


4.  Dibromodiethylenediammino  cobalt  salts  :  (Br.,. Co. en-) 

Violeo- salts  discovered  by  Werner." 
Praseo-salts  discovered  by  Jorgensen/* 

5.  Chloronitritodiethylenediammino  cobalt  salts  : 

(CI.  NO,.  Co.  en 
Discovered  by  Werner  and  Gerb.* 

6.  Dinitritodiethylenediammino  cobalt  salts: 

[(NOOiCo.enj: 

Discovered  by  Werner  and  Humphrey.'** 

'  Jorgensen,  Zeit.  anorgan.  Chem.^  6,  147  (1894) ;  19,  145  (1899). 

*  Gibbs,  Proc,  Amer.  Acad.  Arts  ami  Science,  10. 

•^  Hofmann  and  Reinsch,  Zeit.  anorgan.  Ciiem.,  16,  389  (1898). 

*  Werner  and  Griiger,  ibid.,  16,  398  (1898). 

'  Hofmann  and  Jenny,  Ber.,  84,  3857  (1901). 
•*  Jorgensen,  J.  pr.  Chem.y  [2],  41,  448  (1890). 
'  Werner,  Lehrbuch  der  Stereochemie,  p.  326. 

*  Jorgensen,  J.  pr.  Chem.,  [2],  41,  440  (1890). 
"  Werner  and  Getb,  Bfr.,  ^\,  \tj>«)  V^<yi\^, 
'•  Werner  and  HumpYvie-y,  ibia.,^V  ^^^  V'vc^vV 


■  i:l:E"lSi>Ml-:RlS.U    IX   C<l/!AL/    COMfOUNDS 
7.  Ditliiocyanatudiethylenediammino  uobalt  salts  :— 

r  (scN),-| 

Discovered  by  Werner  and  Brriunlich,' 


VI.     Tll/i     FREP.m.iTION    OF    TlfE    STEKEOJSQMIiHIC 
COBALT  COMl^UNDS. 

i       (NOJ,-| 
1.  DinitritotetrammiDO  salts  of  the  type  :     Cu 

L     (NHJ.J 

The  one  scries  of  isomere,  craceo-salls,  is  produced  by 
Honing  the  air  to  oxidise  ammonical  solnlions  of  cobalt  salts, 
3  which  nitrites  have  been  added.  Salts  of  this  series  may 
Iso  be  obtained  by  the  action  of  nitrous  acid  upon  mtrito- 
c  salts ;  - 


(NOJ  ] 
Co  (NO,),+  HNO, 

(NH,).  I 


.  N,-( 


iH,OH 


o  NO.J 

(NHJ.J 

The  other  isomers,  flavo-salts,  arc  formed  by  the  action  of 
■ites  or  nitrous  acid  on  chloroaquo-  or  diaquo-tetrammino 


Co  OH,       X,+3NaNO., 
(NHjJ 


+  H,0       r     (NOj). 
aN^iX-l-NaCl+  Co 

I      (NH.)J 


r    (N0,J,,1 

-)+Co  NO, 

L   (NHJ.J 

A  mixture  of  the  two  isomers  is  produced  when  sodium 
litrile  acts  upon  the  green  (praseo)  dichloroletrammino  sah  :  — 


OH,     1 
Co  OH,        X,+3NaNO,=  3NaX4 
(NH,,),J 


(NH.). 


f     (NO,).] 
CI  +  jNaNO,  =  jNaCl  +     Co 

L    (NH,,),  I 


'   Wtcaaaad BxK&alkh,  Zat.  oHergoH.  CM«m.,2&,9i  ^^900.^ 


278      S'lERKOlSOAfERISM    WITHOUT  ACTIVITY 


2.  Disalphitotetrammino  salts  of  the  type : 


(SO,), 

Co         R 

(NH,K 


The  ammonium  and  sodium  salts  of  the  one  series  aielr 
formed  by  allowing  sodium  sulphite  to  act  upon  an  oxidisedj 
ammoniacal  solution  of  cobalt  chloride.  The  two  isomeric] 
ammonium  salts  are  formed  simultaneously  by  oxidising  an 
ammoniacal  solution  of  cobalt  acetate,  saturating  it  with! 
sulphurous  acid,  and  filtering  off  the  precipitate.  They  can 
be  separated  from  one  another  by  fractionally  crystallizing  the 
filtrate. 

r  CL' 

3.  Dichlorodiethylenediammino  salts  of  the  type :    Co 

en« 


The  praseo  salts  are  produced  by  the  following  method 
The  calculated  quantity  of  ethylene  diamine  is  added  to  a 
solution  of  cobalt  chloride ;  air  is  then  drawn  through  the 
solution  to  oxidise  it.  Afterwards,  excess  of  hydrochloric 
acid  is  added,  and  the  solution  is  evaporated.  The  violeo- 
salts  arc  obtained  by  the  evaporation  of  a  solution  of  the 
neutral  chloride  of  the  praseo-salt. 

r    Br/ 


4.  Dibromodiethylenediammino  salts  of  the  type : 


Co 

en.jj 


X 


These  are  obtained  by  reactions  similar  to  those  used  in 
the  case  of  the  dichloro-compounds. 

5.  Ghloronitritodiethylenediammino  salts  of  the  type : 


r        CI 
I  CoNO, 
L         en.j 


X 


The  1,2-salts  (corresponding  to  the  flavo-series)  are  formed 
when  neutral  solutions  of  the  green  dichlorodiethylenediammino 
salts  are  treated  with  sodium  nitrite ;  and  also  when  green 
c//c/j/orodicthylened\amm\T\o  eobgilt.  nitrite  is  moistened  with 


water  : 


'he     1,6-salts    (cories[K)ndini;    lo    the    uroceo- series) 
tied  from  thu  i,6-nilratt:  Ijy  double  decomposition.     'I 
le  itself  is  prepared  by  evaporating  an  aqueous  solution 
e  1, 2 -chloroni  Into  nitrate  ;  or  by  the  action  of  hydro 
upon  croceo-dielhylenediamrairio  salts  : — 

'  en^       J 

DinitritodiethyleDediammiiio  salts  of  the  type : 

Co  X 


-  HCl  =:  HNO,  +    Co  NO.,    NO, 


blixture  of  the  two  isomeric  nitrites  is  produced  when 
(iCdiamine  acts  on  potassium-hexanitri to-cobalt :  — 

r  (NO,),] 

10J,]K,  -I-  aC,H,(NH,j),  =  3KNU,  ■+     Co  NO, 


Vhen  silver  nitrite  is  allowed  to  act  upon  1,3-dichloro- 
lylenediammino  cobalt  chloride  (violco-salt)  an  almost 
ititative  yield  of  the  flavo-dinitritodiethylenediammino 
is  formed:  when  the  1,6-isomer  is  used  instead  of  the 
ompound,  a  sixty  per  cent,  yield  of  the  croceo-isomer  is 
ined. 

The  action  of  silvw  nitrite  or  sodium  nitrite  upon 
hloronitrito  salts  produces  a  flavo-salt ;  wluVe  ctoteo-siAs 
t^esaaic  reaction  from  i ,6-ch\otomU\to 


STF/HEOISOA/EKISAr 

.  Dithiocyasatodiethylenediamtnino  salts  or  the  type: 


A  mixture  of  the  two  isomers  is  produced  by  the  action  of 
potassium  Ihiocyanate  upon  i,6-dichlorodiethylene<tianiinino 
cobalt  chloride.     By  varying  the  conditions  of  the  reaction, 

■  of  the  two  isomers  can  be  produced  in  greater  quantttj' 

than  the  other. 


5    Vrt.    IJfE  PKOFEKTIES  OF  THE  STLREOJSOMBRIC 

COJiALT.IMJXE  SALTS. 

1.  Physical  Properties. — The  isomers  differ  from  each  other 
in  many  physical  properties.  The  following  table  shows  the 
colours  of  certain  series ;  it  will  be  seen  that  the  diSetences 
are  well  marked  : — 


l[ 


(NO,),- 
(NH.).  , 

<soj,  - 

"o 

(NH,). 

CI,  "I 


CI    1 
Co  NO,   X 


NO.J     Hark  ycUow.bruwi 


(NO^, 


In  crystalline  form  and   solubility  the  isomers  differ  tro| 
one  another. 


; F.KEO/SO.ifKR/SM   !.\   COBALT 

2.  Chemical  Properties. — In  most  reactions  ihe  groups 
concerned  are  the  two  ions  into  which  iht  substance  dissociati/s 
in  solution  ;  and  since  in  the  case  of  the  cobaltaraine  salts  the 
ions  have  the  same  properties  in  both  isomers,  there  is  liille 
reason  to  expect  great  differences  between  them  in  so  far  as 
ordinary  chemical  properties  are  concerned.  It  is  only  when 
we  come  to  deal  with  reactions  in  which  the  groups  within  the 
;oii)plex  radical  are  concerned  that  we  can  reasonably  expect 
,o  find  any  differences  between  the  two  isomers.  Some 
Jxamples  of  such  reactions  may  now  be  given. 

The  action  of  concentrated  hydrochloric  acid  upon  the 
wo  varieties  of  Ihe  dinitritotetrammino  cobalt  salts  is  different 
n  the  case  of  each  isomer;  the  croceo-salt  gives  rise  lo  a 
:hloronitrito-derivative,  while  the  flavo-salt  yields  a  chloro- 
iquoletramminic  compound  :^ 


r    (Noj,l  r     CI 

Co  C1  +  HC1=HN0,  +     CoNO. 

L      (NHJ.J  [       (NH.). 

Croceo-sall.  Chluionhritotelraiii 


'ic,+„ 


HCI  +  H,0  =  iHNO,  +   Co  OH, 

L       (NH.),  _ 

C  hi  umaqnoletrBJnmi  n  k 


Sodium  nitrite  has  a  different  effect  upon  the  two  series  of 
hloronitrilodiethylenediammino  salts ;  in  the  case  of  the 
,2-salts,  flavo-salts  are  thus  formed,  while  the  i,6-salts  give 
roceo-compounds : — 


Co  NO,     X  +  iNaNO,  =  NaX  +  NaCi  + 1  Co" 


(NO,),  - 


It  seems  probable  that  the  two  isomeric  series  of  dithio- 
^yanatodiethylenediammino  salts  may  be  not  only  different  in 
:on figuration,  but  also  structurally  isomeric :  in  Ihe  one  case 
he  thiocyanate  group  being  attached  to  the  coLalt  by  n 
i  tlie  aitiogeo  atom,  while  in  the  other  case  ihe  siA'^ui  aVowi  j 
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forms  thi;  link  between  llie  two.  This  is  rendered  prob^ 
by  the  tlifiereiicc  butwetn  thu  compounds  which  is  shown  U 
oxidation.  In  one  case  thi;  nitrogen  is  left  in  amoton 
attached  to  the  cobalt  atom ;  while  in  the  other  case  it 
eradicated  completely.  The  structural  differences  would  I 
expressed  by  the  following  formulfe  :— 


I        NC3(.) 
CoNCS(!)  |X 


)'  [ 


SCN  (r)  I 
CoSCN(6) 


Thciie  salts  show  diHerences  also  in  the  etTect  of  acids  upon 
them:  the  i,6-salt  being  much  more  easily  attacked  than  ^ 

1,1-compound. 


§   VIII.    THE    TRANSMUTATION    OF   THE    STEREO- 
ISOMERIC    COBALT    COMPOUNDS. 

Both  direct  and  indirect  Iransmuialjon  has  been  obsemrf 
in  the  case  of  these  stereoisomers.  Uur  information,  however, 
is  very  scanty  at  present,  and  it  will  only  be  necessary  t< 
one  or  two  illustrations  of  the  phenomena  without  entering  inia 
great  detail. 

It  has  been  observed  that  the  praseo-salts  of  the  dichlore 
diethylenediamines  are  stable  in  acid  solution,  but  unstabh 
in  neutral  solution ;  while  the  converse  is  true  for  the  viole* 
salts.*  In  order  to  convert  the  praseo-salt  into  its  stereoisoQief^ 
all  that  is  necessary  is  to  prepare  a  neutral  M)lution  of  tl 
former  and  allow  it  to  evaporate,  when  vioti;o-salt  crystals 
formed.  Similarly,  the  violeo-salt  can  be  changed  into  t 
corresponding  praseo-salt  merely  by  acidifying  its  solution  n 
a  mineral  acid  In  a  somewhat  similar  manner,  by  evaporatin 
their  solutions  the  i,6-salts  of  the  dinitritodiethylenediamii 
series  are  changed  into  the  i,i<variety. 

Indirect  transmutation  through  an  intermediate  compc 
has  been  observed  in  the  case  of  dinitritoCetranimino  I 

Tfai*  recall;  the  amlugQu^  cok  >}{  IW;  q 
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e  flavo>salt;  by  the  successive  actions  of  nitric  acid  and 
lium  nitrite,  yields  the  croceo-isomer  :  a  nitritonitratotetram- 
no  salt  being  the  intermediate  substance  : — 


(NO.,), 
Co 

(NH,),  J 

Flavo-salt. 


NO,  +  HNO,  =  HNO.,  + 


NO,       1 

Co  NO3  NOa 

(NH,),  J 

Nitritonitraloletrammino  salL 


NO2 

:o  NO3 

(NH,), 

trilonitrato-salt. 


NO,  4-  2NaN0..  =  2NaN0, 


(NO,), 
Co  NO, 

(NHa)J 

Crocco-salt. 


IX.    THE    DETERMINATION  OF   THE   CONFIGURATION 
OF   STEREOISOMERIC   COBALT    COMPOUNDS, 

1.  General. — If  the  two  isomeric  forms  of  the  radical  :  — 

-      X.. 
Co 

(NH,), 

-  written  down,  it  becomes   evident  that  they  resemble  to 
)me  extent  the  two  isomeric  acids,  maleic  and  fumaric. 

NH, 


NH 


NH,' 


NI-L 


/ 


X 


/ 


/ 


X 


/_ 


'NH, 


NH, 


NH3 


H— C— COOK 

II 
H— C— COOK 


H— C— COOH 


COOH— C— H 


om  analogy,  we  call  the  case  where  the  two  X  radicals  lie 
the  same  edge  of  the  octahedron  the  cis-position ;  while 
»  other  case,  in  which  they  lie  diagonally  opposite  to  one 
other,  may  be  termed  the  trans-position.  The  problem  oC 
ihgumticm  determination  is  to  discover  wh\cV\  oi  lV\e  posv\\otv^ 
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the  X  radicals  occupy  in  any  given  compound.  ^Tqw,  ii  is  not 
at  present  possible  to  determine  with  certainty  the  actual  space 
positions  of  the  radicals ;  but  we  can  proceed  somewhat  in  the 
same  way  as  in  the  case  of  the  sugar  configurations,  by  showing 
that  certain  compounds  are  closely  related  to  one  another,  and 
therefore  probably  have  the  same  type  of  configuratioa  Tbis 
relative  configuration  determination  will  now  be  dealt  with. 

2.  Relative  Configuration  Determination. — ^Werner  chooses 
as  his  starting-point  the  dichlorodiethylenediammino  cobalt  salts, 
and  arbitrarily  ascribes  to  the  violet  ones  the  name  1,2-salts, 
and  to  the  green  ones  the  name  1,6-salts.  The  figures  are 
supposed  to  represent  the  positions  shown  on  the  figure  below:— 


e^ 


6 

The  1,2-compounds  are  thus  cis-  and  the  1,6-series 
trans-derivatives. 

Now,  the  1,6-dichloro  salts,  derived  either  from  ammonia 
or  from  ethylene  diamine,  are  genetically  related  to  the  croceo- 
dinitrito  salts,  so  Werner  deduces  that  the  croceo-salts  are  also 
1,6-compounds,  while  the  flavo-salts  of  the  same  series  arc 
1,2-derivatives. 

Red  chloronitritodiethylenediammino  salts  yield  flavo  salts 
when  treated  with  sodium  nitrite;  they  are  therefore  1,2-com- 
pounds, while  the  orange-coloured  isomers  which  product 
croceo-salts  when  similarly  treated  are  1,6-derivatives. 

When  potassium  thiocyanate  is  allowed  to  act  upon 
1,2-dichlorodiethylenediammino  cobalt  salts  the  products  are  a 
series  of  soluble  dithiocyanatodiethylenediammino  cobalt  salts. 
On  the  other  hand,  when  the  1,6-salts  are  so  treated,  a  more 
insoluble  compound  is  produced,  the  yield  of  which  can  be 
increased  by  using  more  concentrated  solutions.  Now,  in  the 
co/jcentrated  solution  the  change  from  the  1,6-  to  the  1,2- 
variety  is  Jess  than  in  dWule  soVuVvotvs,  ^o  >^\.n»^\k»j  deduce 


^  I  F.h'F(US()MFRlSM    /\    COHALI    ('(KM /'Of  WPS 


that  the  less^poluble  compound  is  formed  directly  from  the  i,6- 
type ;  while  the  easily  soluble  substance  belongs  to  the  1,2-group. 

From  a  comparison  of  the  properties  of  the  isomeric 
disulphitotetrammino  cobalt,  ammonium,  and  sodium  salts  it 
lias  been  deduced  that  the  brown  salts  belong  to  the  1,2-series, 
ipvhile  the  reddish-yellow  ones  are  1,6-compounds. 

3.  Absolute  Configiiration  Determination.  —  Werner's 
reasons  for  the  assumption  that  violeo-salts  are  1,2-eompounds 
and  praseo-salts  1,6-ones  are  as  follows : — 

1.  In  other  cases  of  geometrical  isomerism  it  has  been 
shown  that  the  cis-compound  is  less  stable  than  the  trans- 
derivative.  By  analogy,  the  violeo-salts,  being  the  less  stable 
variety,  should  belong  to  the  cis-series. 

2.  Intramolecular  ring- formation  is  most  easily  produced 
when  the  reacting  groups  are  in  the  cis-position  to  one  another. 
It   seems   probable   that   in    the    carbonatotetrammino   sahs, 


r    CO, 

Co 

(NH,),  J 


X, 


the  two  oxygen  atoms  are  attached  to  the  cobalt  atom  in  the 
cis-position,  (I.),  and  not  in  the  trans-position,  (II.) : — 


^^\        A  O  NH, 

V  \o  \  / 

NH,         O  -  — /      \ 


CO 


NH,         O 

(I.)  (II.) 

Now,  if  the  carbonato-salts  belong  to  the  cis-series  the  violeo- 
salts  must  also  be  of  this  type,  since  the  carbonato-salts  are 
converted  into  the  violeo-salts  by  nitrous  acid. 

3.  In  the  praseo-series  the  two  acid  radicals  can  act  quite 
independently  of  one  another,  but  in  the  violeo-salts  this  is 
not  always  the  case.  It  therefore  seems  probable  that  in  the 
violeo-salts  the  acid  radicals  lie  nearer  to  one  another  than 
is  the  case  in  the  praseo-salts.  The  violeo-salts  would  thus 
be  cis^ompounds. 


In  the  previous  cha.pter  it  was  stated  that  only  one  dasi 
of  the  cobaltamine  derivatives,  the  tetramm  in  o-co  in  pounds, 
showed  any  signs  of  being  able  to  exist  in  stereoisomeric 
forms.  1(1  the  platinum  compounds,  however,  there  arc  two 
series,  both  of  which  contain  certain  stereoisomeric  types ;  the 
two  classes  are  (A)  derivatives  of  divalent  platinum,  and  (B| 
derivatives  of  quadrivalent  platinum.  These  will  now  he  deall 
with 


A.— IsiiMEHic  Derivatives  of  Divalent  Platinpm. 

§   I.   J'A-OOF   OF   THE   STRUCTURAL    FORMULA. 

There  are  three  chief  classes  of  the  ammonium  addition 
products  of  divalent  platinum  salts,  which  may  be  expressed 
by  the  following  general  formulae  : — 


rtt(NH,)Jx 


(NHJ 


X,       1 
(NHJ.J 


If  a  chlorine  atom  be  substituted  for  X  in  the  above 
formulie,  we  have  a  series  of  compounds,  all  of  which  a« 
known  ; — 


Pt(NH,).    CI, 


(NH.)J 
(U.l 
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Now,  il  is  found  thai  in  aqueous  solution  the  compound 
(HI.)  does  not  ionise;  the  compound  (II.)  under  the  same 
cifcumsiances  gives  rise  to  two  ions;  while  the  compound  (I.) 
produces  three  ions.  This  is  implied  in  the  above  formulie, 
for  if  we  regard  the  atoms  within  the  square  bracket  as  being 
firmly  attached  to  one  another,  while  those  outside  are  easily 
ionised,  the  required  number  of  ions  would  be  produced  in 
each  case.  The  same  may  be  expressed  in  a.  slightly  different 
way  by  the  formula  below  :— 


NH, 


SH, 


NHi 

CI, 

NH. 

NH. 


NH, 


,ci 


'NH, 


f  NH, 


|_NH,' 


,Cl 


CI 


It  is  evident  that  in  such  a  series  as  the  above  we  are 
dealing  with  four  atoms  or  radicals  grouped  around  a  fifth 
atom,  and  at  first  sight  the  case  seems  parallel  to  that  of  the 
asymmetric  carbon  atom.  On  closer  examination,  however, 
this  resemblance  disappears. 


^    11.    7'f/E    SPACE  FORMULAE   OF  HIE   DIVALENT 
PLATINUM  STEREOISOMERS. 

It  has  been  found  that  compounds  of  the  type  :— 

1^  NH,         X 

F 

NH,  X 

exist  in  two  stereoisomeric  forms.  Since  here  we  are  dealing 
with  two  pairs  of  radicals,  it  is  obviou.';  that  the  asymmetry  of 
the  molecule  cannot  be  the  same  as  that  shown  in  active 
carbon  compounds,  as  the  latter  type  requires  the  presence  of 
four  different  radicals.  If  on  this  ground  we  exclude  the  tetra- 
hedral  arrangement  of  the  four  radicals,  we  are  left  with  the 
only  alternative  hypothesis,  i.e.  that  the  four  radicals  Uti  ra  laua 


pbne.     If  all  four  are  distributed  in  this  way,  the  two  s 
isomeric  compounds  could  be  represented  in  this  way  ;— 


Up  to  the  present,  a  considerable  number  of  compouiw 
have  been  synthesised  which  owe  their  isomerism  to  this  caiu 
and  it  has  been  found  thai  the  radicle  X  may  be  very  ( 
varied.  The  most  interesting  case  is  that  in  which  X  is  i 
am ido-com pound  ;  for  here,  although  the  four  radicals  hav 
nilar  chemical  nature,  the  difference  between  the  NHj 
ni do-radicals  suffices  to  produce  the  isomerism. 


^   in.    THE  NOMENCLATURE   OF  THE   DJl'ALENT 
PLATINUM  STEREOISOMERS. 

If  the  siiace  formula:   of  the  platinum  stereoisomers  be 
compared  with  those  of  any  pair  of  isomers  in  the  ethyli 
series,  the  close  resemblance  between  them  will  at  once  be 
noticed  ■.^- 


NH, 


,X 


\./ 


>< 


NH, 


X, 


\    / 


The  first  compound  is  therefore  a  Wj-compound,  while  (H-M 
is   a    iy(7»»-com pound.     It  is   customary,  however,  to   use  ■ 
different  nomenclature  for  this  series  of  isomers  ;  those  c 
s/wnding  to  the  formula  (l-l  lie\n%  called  platosemidiam 


iFh-F.oisn.ifERrs.yf  rx  /•/,,;  riNCSf  cOAfpncxn. 

ialts,  while  thosu  corresponding  lo  fomuila   (11.)  an 
ilatosammin  salts. 


§   IV.    TYPES  OF  THE  STEREOISOMERIC  COMPOUNDS 
OF  DIVALENT  PLATINUM. 

It  is  unnecessary  to  describe  in  detail  all  the  stereo  isomeric 
:ompounds  of  divalent  platinum  :  it  will  be  sufficient  to  give 
he  method  of  preparation  and  the  properties  of  tlie  more 
mportant  derivatives.  The  following  list  includes  the  com- 
lounds  to  be  dealt  with  in  the  following  sections :  — 


Dichlorodiamminplatinum  :' 

p. 

(NHJ, 

Disulphitodiamininplalinum  :- 

(SO.R), 

rt 

(NH,), 

Dichlorodipyridinplatinum  :  ' 

(C.H.N). 
I'l 
CI, 

Triethyl  phosphine  compound  : ' 

IP(C,H.,,1,, 
Pt 

a, 

Kthyl  sulphide  com[>ound  : " 

_  [S((:.H,>J, 

Ethyl  selenide  compound :  ° 

CI, 

* 


-     '  Pej-rone.  W»«o/«.  61,  i  (i8m)  ;  SB,  205  (1845) ;  61,  178  (1S47), 

•  Cleve,  KoH.  fel.  AkaJ.  I/nudl..  10,  No.  9,  pp.  19,  57  (187J). 

'  Joreenscn,  ?.  fr.   Chem.,  83,  504  (1886)  :   lieilin,    Om  fyrUintiii 
i/a/iHataia-t,  p.  S  (11*87)  ;  J./,  aaor^.  Chcm.,  3,  314  (1893). 
■  Cahoars,  Cat.  Ztil.,  1870,  350,  437. 
■■  alomstrand,  %  pr.   Ckm.,  [»]  M.  35^.  35».  497  (1S88)  ;  Kla^ 

?^r..  as.  1493  {1895)- 

•  retTD^  Qf  JiktmiaMj'Ar&if/urnimgar,  Lund  (189K). 
\1 


A 


^   V.    THE   PREPAKATION  OF  THE  STEREOISOMERS 
DIVALENT  PLATINUM  COMPOUNDS. 

CI, 
I.  Dichlorodiamniiiiplatiiiuiii:    Pt 

The  platosemidiamminchloride  (cis-form)  is  prepared  V 
the  action  or  ammonia  upon  chloroplatinous  salts : — 

CI, 
KjPtCl.  +  aNH,  =  Pt  +  aKCl 

(NH,), 

The  platosamm  in  chloride  (trans-form)  is  obtained  by  heating 
lelraraminplalochloride  to  250°  or  by  evaporating  its  soliiti™ 
in  concentrated  hydrocliloric  acid  :  — 


(NH„)„ 

Pt(NH,).Clg=Pt  +2NH; 


'  JoreenBcn,  y. />r,  C4nw..  SS,  510  (|8S6). 

'  Joigensen,  Md.,  530. 

'  Jotgenun,  iMrf.,  W,  51,1  f,\8861. 


J 
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The  oLlier  derivatives,  bromo-,  iodo-,  nilrato-,  or  nitrito- 
cnmpounds,  arc  obtained  from  the  cbloride  by  double  de- 
composition. 

P(SO„H), 
I.  DiBulphitodiamminpIatinum  -.  Pt 
(NH,), 

This  is  prepared  from  the  chloride,  the  cis-  or  trans-com- 
pound being  used  as  a  starting-poiiit  according  to  which 
isomer  is  required. 

3.  Dichlorodipyridinplatiniim :  Pt 

c, 

The  cis-compound  is  prepared  by  the  action  of  pyridine 
upon  an  aqueous  solution  of  potassium  chloroplatinite  : — 


"hi 


Cf'        CIK 


"he  Iran s-com pound  is  formed  when  (PtPy^CI-j  i 
e;(cess  of  hydrochloric  acid  :  — 


» 


./   N„ 


sPyHCI 


.  TriethylphOBphineplatoohioride :  Pt 


[P{C.H,)J, 


CI, 


The  cis-compound  is  obtained  by  boiling  trielhyl  phosphinc 
with  platinum  chloride  solution  ;  the  trans-isomer  is  produced 
when  the  cis-chloride  is  heated  to  100°  witli  alcohol ;  also  from 
telraphosphinplatochloride  by  the  loss  of  two  molecules  of 
phosphine. 

[Se(QH,),], 
5.  Ethyl  selenide  compound  :  Pt 

CL 

formed  by  ihe  action  of  &\\vj\  stAcKiit  wv 
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potassium  chloroplatinite;  the  ^-isomer  is  produced  by  boilit^  I 
ihe  a-compound  with  water  and  elliyl  selenide. 


6.  Dipyridindiasunincbloride : 


Cl. 


I 


pt 

(NH.), 

The  cis-compound  is  produced  when  cis-dichlorodiammin- 
platinura  is  dissolved  in  pyridine,  or  when  ds-dichloropyridiii- 
platinum  is  dissolved  in  ammonia.  The  trans -com  pound  is 
obtained  in  ihc  same  way,  trans-isomers  being  used  instead  nf 
cis-compounds  as  starlinp-points. 

r  p>'-'    1 

7.  Dipyridindiethylamminplatochloride:      I't  CU 

I      (C,H,)J 

The  cis-compound  is  obtained  by  dissolving  cis-dichloro- 
dipyridin platinum  in  an  aqueous  solution  of  ethylamine.  or 
dissolving  cis-dichlorodiethylarainplatinum  in  pyridine.  Tlie 
trana-com  pound  is  obtained  similarly  from  the  Irans-isomers. 


8.  Ditnetbylamniiiidiainniinpl&to-     p^' 


(NH,), 


Cl. 


(CH,NHjJ 

The  cis-compound  is  otitained  by  dissolving  cia-didiloro- 
diamm  in  platinum  in  aqueous  methylamine ;  the  trans-compound 
is  similarly  prepared  from  the  trans-isomer. 


§    VI.     THE  PROPERTIES   OF  THE  STEREOISOMERIC 
DIVALENT  PLATINUM  COMPOUNDS. 

In  general  it  may  be  said  that  the  isomers  differ  in  colour. 
in  solubility,  in  melting-point,  and  also  in  crystalline  form. 

In  chemical  properties  also  the  two  series  of  isomers  shon 
very  considerable  differences.  The  following  examples  illus- 
trate this. 

The  two  isomeric  disulphitodiammin platinum  compounds 
behave  differently  in  salt  formation ;  the  trans-compound  form* 
k  aomia)  salts  of  the  lype '. — 
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fNH,). 

(SO.R), 
while  on  the  other  hand  tlie  cis-isomer  forms  double  salts  of 
the  following  type  ; — 


Pt 


+Ag^O, ;    Pt  +(NH4XS0, 

(SO,Ag),  {S0jNH^3 


The  action  of  ammonia  upon  the  two  isomeric  forms  of 
dichlorodipyridinplalinum  is  differenl  ;  it  gives  rise  to  two 
isomeric  compounds  having  the  formula  :— 


(NH,),,1 


PC 


a 


Another  difference  between  the  two  isomeiB  lies  in  the  fact 
ihat  the  cis-form  gives  anhydrous  crystals,  while  the  trans-form 
crystallizes  with  two  molecules  of  water. 

When  the  elhyl  selenide  compound  : — 

[Se(C,H,).A 
Pt 

is  treated  with  silver  nitrate,  it  is  found  that  in  the  case  of  the 
cis-compound  one  chlorine  atom  reacts  more  readily  than  the 
other,  which  is  not  the  case  with  the  trans-isonier. 

The  action  of  hydrochloric  acid  upon  the  cis-  and  trans- 
isomer  of  dipyridindiamminchloride  yields  different  results. 
In  the  case  of  the  cis-compound,  a  compound  of  the  formula  : — 

CI., 

Pt  NH, 

Py 

is  produced,  while  with  the  trans-isomer  a  mixture  of  two 
substances  is  produced  :  - 


(NH,), 


I 
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§   VII.    CONFIGURATION  DETERMINATION. 
The  configuration  dT  the  platosammin  and  platosemidinni- 
min  sails  has  been  determined  by  Werner  in  the  following 
way.     The  complex  : — 

CI, 
Pt 
R, 

(where  R  is  NH,,  pyridine,  etc.)  can  conihine  with  two  moie 
molecules  of  R  to  form  the  new  complex  (PlR,)Clj,  which 
be  broken  dow-n  again  by  loss  of  R.j  into  a  complex  of  the 
original  type.     Now,  if  the  second  two  molecules  R  be  difTerenl 
in  nature  from  the  first  two  {e.g.  if  the  original  substance  be 
CI., 
Pt 
(NH,), 
and    the   new  complex   be    formed    by    the  addition  of  two 
molecules   of  pyridine),  the  two  isomeric  salts,  platosaminin 
and  platosemidiamniin,  produce  different  compounds. 

Now,  if  we    lake   platoseinidiamminchloride  and   treat 
with  pyridine,  we  shall  produce  a  compound  : — 

which  is  identical  with  that  produced  by  the  action  of  ammonii 


upon  platosemipyridincbloride. 
a,  for  the  sake  of  convenience ; 

ci,     ■  r    (NH,), 

I'l  +  iPy  =    Pt 

(NH.),  I      P>. 


This  curapound  we  may  lerw 


]C„ 


.  Identical,  n-compound. 


Pt 


Py» 


aNH, 


Pt 


Py. 


CI, 


If,  now,  we  treat  the  ptatosammiti  salts  in  the  same  way, 
again  obtain   two    identical   compounds,  but    these    two   m:* 
compounds  are  not  the  sanie  as  the  a-ones  already  produced 
k  Tfte  new  compound  we  tnav  ^^^ni  p 
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(NH,), 
Pt  -f  2Py  = 

CL. 


Pt 


(NH3), 


Platosammin  derivative. 

(NH3)a 


CL 


Py. 
Pt       +  2NH,  = 

ci« 


Pt 


Py. 


ci, 


Identical,  /3-compound. 


These  two  isomeric  derivatives,  a  and  ^,  differ  from  one 
another  in  various  respects,  but  resemble  each  other  in  so  far 
that  when  two  of  the  basic  radicals  are  split  off,  both  com- 
pounds yield  the  same  decomposition  product,  namely,  a 
platosammin  derivative.  In  order  to  do  this,  the  a-compound 
splits  off  one  molecule  of  ammonia  and  one  molecule  of  pyri- 
dine ;  but  in  the  case  of  )3-compound  the  reaction  is  different, 
one  molecule  losing  two  ammonia  radicals,  while  a  second 
molecule  loses  two  pyridine  radicals  : — 


(«) 


Pt 


Pya 


Cla 


Py 

■»    Py  4- NH, -f  Pt  NH, 

Cla 


(i3) 


Pt 


Pys 

(NH,),  J 


2NH,  -f  Pt 


Py. 

Cla 


CK 


2Py  -f  Pt 


(NH,), 


Cl^ 


The  courses  of  these  two  reactions  can  be  explained 
only  by  assuming  the  following  formulae  for  the  two  series 
of  compounds  : — 

Platoseroidiammin  compounds.  Platosammin  compounds. 

CI  NH,(Py)  CI         .NH,(Py) 

CI      ^NH,(Py)  (Py)NH,      ^Cl 

Cis-series.  Trans-series. 

On  this  assumption,  the   addition   reactions  will  occur  as 
follows ; — 


w 

E 

^^^^^H 
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CI            NH, 

"Xf 

W    +.p,= 

CI, 

Idenlicl 

^{  \h. 

Py^        NH. 

f    (NHJ. 

"{%y.    J' 

CI        py 

NH,     ,Py 

^y(       +2NH,= 

CI, 

c/  \. 

/    \ 
NH,       Py 

■ 

CI          NH. 

Py        NH. 

\           +.P,= 

^/ 

CI, 

Identical 

NH,       ^Cl 

/        \ 

NHj        Py 

r  (NHj,i 

/3-   Pt             C 

L    Py,    . 

CI          V, 

I'l        +jNH.  = 

NH.,        Py 

X  1- 

P,        NH. 

We  must  now  consider  the  breakdown  of  these  two  isoml 

into  the  simple  platosammin  derivative.     The  reaction  will  j 

expressed  by  the  following  equations  : — 

For  the  =-com|)oun,l. 

'NH,          Py 

NH,         Ct 

\    / 

NH.                   / 

?t 

CI,  =           +            Pt 

/    \ 

'       Py                   /    \ 

LNH,         PyJ                             01          py 

For  Ihg  B-coiiipoun<i. 

'    Py         NH, 

1                         CI         NH,           1 

\     / 

Py         \  / 

P[ 

CI,  =        +           Pt 

/    \ 

Py         /  \ 

NH,          Py 

J                      NH,         CI 

r     Py         NH 

1            NH,      \    /'            1 

Pt 

CI,  =          +         Pt 

/    \ 

NH.          /     \ 

1^              InH.          P,     J                         CI         >^           i 
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'MroCM-' 


Objection  may  bt;  made  to  this  reasoning  on  thu  ground 
hal  the  platosammin  compounds  might  really  be  cis-derivatives 
Tstead  of  trans-com pounds.  This  may  be  easily  shown  to  be 
mprobable.  If  we  assume  that  the  platosammin  compounds 
ave  a  cts-configuration  :^ 


P 


Pv, 


,ci 


„/  V, 


len  the  addition  of  ammonia  to  (11.)  c 
rould  produce  a  cis-derivalive  : — 


^ 


NH. 


Py 


Now,  such  a  compound  could  be  changed  into  a  plato- 
aoimin  derivative  (assumed  to  be  a  cis'form)  in  three  ways : — 
t.  By  ioss  of  two  molecules  of  ammonia. 

2,  By  loss  of  two  molecules  of  pyridine. 

3.  By  loss  of  one  molecule  of  ammonia  and  one  molecule 

A  mixture  of  the  three  compounds  would  thus  l>e  pro- 
duced :  — 

Py,  (NH,),  Py 

U)     Pt  (»)     n  (3)     I'tNH. 

X,,  X,  X, 


>iil  such  a 


c  has  not  yet  been  observed. 


I   VIII.   RESEMBLANCES  BETWEEN ETOyLSNE STEREO- 
ISOMERS AND    THOSE   OF  DIVALENT  PLATINUM. 

It  has  already  been  pointed  out  that  the  space  formula; 
-'r    ethyltHie  derivatives  resemble    those    ptopcraeii  tot    >Xt£ 
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platinum    isomers :    this    [>araUel   can    also    be   noted  in 
properties  of  the  isomers  of  both  series. 

For  instance,  in  the  platinum  isomers,  as  in  the  ediyla 
compounds,  the  cis-form  is  the  less  stable  of  the  two,  and  a 
by  various  means  be  convened  into  the  more  stable  t 
compound.  It  is  also  noteworthy  that  the  cis-form  is  us 
produced  by  less  violent  reactions  than  the  trans-form.  ]u 
as  in  the  ethylene  series,  the  platinum  cis-compounds  appe 
to  have  lower  melting-points  than  the  corresponding  U 
isomers ;  while  the  great  solubility  of  the  cis-forms  also  rei 
the  properties  of  the  ethylene  series.  It  has  already  I 
mentioned  that  in  those  cases  where  ethylene  compounds  t. 
coloured,  the  cis-variety  are  more  intensely  tinted  than  ll 
trans-forms  ;  the  same  holds  good  in  the  plalirium  sene 


B.— Isomeric  Derivatives  of  Quadrivalent  PLATiNua, 

5   1.   STRUCTURAL   AND  SPACE  FORMULA^-, 

The  melal-ammonia  compounds  of  quadrivalent  ph 
resemble  very  closely  those  of  cobalt,  inasmuch  as  they 
be  supposed  to  be  derived  from  a  complex  radical,  Pt(NH, 
just  as  the  ammonia  compounds  of  cobalt  were  derived  (i 
the    complex    Co(NH,)a.      The    compound    containing 
greatest  number  of  ammonia  is  [Pt(NHj),]X, ;  and  it  is  fw 
that  when  any  of  these  ammonia  radicals  is  removed,  its  pi) 
is  taken  by  one  of  the  X  radicals,  which  then  forms  part  of  i 
central  radical,  and  ceases  to  be    ionised  when  in    solut' 
The   case  is  perfectly  parallel   to    tliat  of  the   cobalt   so 
Thus,  for  instance,  if  two  ammonia  molecules  are  driven 
of  the  nucleus,  we  get  a  compound  of  the  form  [PtfNHJ,]X( 
and  if  four  molecules  of  ammonia  are  expelled  we  obtain 
compound  :— 

which  docs  not  ioniw  \i\  ^uuon.  ^ 
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The  space  formula  for  these  platinum  derivatives  is  as- 
umed  to  be  the  same  as  that  of  the  corresponding  cobalt 
ompounds ;  that  is  to  say,  the  six  groups  are  placed  at  the 
omers  of  an  octahedron,  at  whose  centre  the  cobalt  atom  lies. 


§   II.    CASES   OF  ISOMERISM. 

As  very  little  is  as  yet  known  of  this  series,  it  will  be  best 
:>  give  a  brief  account  of  the  properties  and  preparation  of  the 
^est-known  isomers : — 

CI4  Br, 

Pt  and     Pt 

(NH,),  (NH,), 

.^he  form  produced  from  a  platosemidiammin  compound  has 
►een  termed  a  platinisemidiammin  derivative,  while  the  other 
somer  is  termed  a  platiniammin  compound. 

Platinisemidiamminchloride  is  obtained  by  the  action  of 
falorine  upon  cis-dichlorodiamminplatinum ;  the  second  isomer 
s  produced  by  the  addition  of  chlorine  to  trans-dichloro- 
liamminplatinuro.  The  two  isomers  differ  in  colour,  the  one 
lerived  from  the  cis-form  being  orange-coloured,  while  the 
rther  is  yellow.  They  differ  also  in  conductivity  and  crystalline 
orm. 

Platinisemidiamminbromide  is  formed  from  bromine  and 
)latosemidiamminbromide ;  its  isomer  is  formed  similarly  from 
)latosamminbromide.  The  two  bromides  differ  in  colour  and 
:ryslalline  form. 


§    III.    CONFIGURATION  DETERMINATION. 

The  space  formulae  of  the  two  isomers  can  be  deduced 
rem  the  methods  by  which  they  are  formed ;  the  figures  below 
llustrate  the  point : — 
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X 

Plaluiiainmin  salL  Platiniaimnin  talL 


L'liitdiammin  snIL      Platiiiisuinidiammiii  salL 


CHAPTER    Vir. 

SrEREOISOMERISM   IN   CHROMIUM   COMPOUNDS. 

I.  STRUCTURE  OF  THE  STEREOISOMERIC   COMPOUNDS 
OF  CflROMtUM. 

Pfeiffer  '  has  extended  the  ideas  of  Werner  lo  the  case  of 
itain  isomeric  compounds  of  chromium.  The  bodies  in 
leslion  are  simple  addition  products  of  ethylene-diamine  and 
Its  of  trivalent  chromium ;  they  correspond  to  the  empirical 
rmula  (CrXj  ■+•  aen),  where  en  is  used  as  a  symbol  for  ethylene 
amine.  Since  in  these  compounds  only  one  of  the  X  radicals 
issessea  ionic  character,  we  may  draw  the  same  inferences  in 
is  case  as  were  deduced  by  Werner  in  the  case  of  the  cobalt 
smcrs.  Adopting  \Vemer's  system,  we  should  write  the 
rmulre  of  ihesc  compounds  in  this  way  :— 


Cr 


X 


X,    I 

'hich  indicates  that  on  ionJsalion  the  compound  breaks  up 
Ho  Iwo  ions,  one  of  which  is  X,  the  other  being  the  radical 
onlained  within  the  square  bracket.  Thus  the  three  X  radi- 
als  are  not  equivalent,  two  being  directly  attached  to  the 
hromium  atom,  while  the  third  is  attached  in  some  way  to  the 
►hole  of  the  group  within  the  bracket. 

Pfeiffer  has  found  that  salts  of  this  type  can  exist  in  two 
fomeric  forms  ;   the  dithiocyanato-,  dichloro-,  and  dibromo- 


'  Pfeiffer,  fln-.,  17,  4255  (1904) ;  Pfeiffer  a 


1  Tricschmann,  AhhoUh^ 


A 
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isomers  have  been  investigaleii.  He  heated  tried 
liiamine-chromium  lliiocyanate,  [Cr  en,](SCN)j,  and  foui 
in  this  way  one  molecule  of  ethylene-diamine  was  lib 
and  a  s.-ilt  of  the  formula  : —  ^^h 


Cr  SCN  ^H 

L      (SCN)  J  ^" 

remained  behind.     From  this  salt,  by  double  decompa 
he  obtained  a  whole  series  of  salts  of  the  type  : — 


en,        1 

(SCN),  J 


Cr 


which  he  terms  a-salts.  Pfeiffer  was  also  able  to  pr^ 
*-dithiocyanatothiocyanate  by  the  action  of  ethylene-d 
upon  potassium  chromium  thiocyanate.  In  this  case,  ho 
a  second  body  is  formed  during  the  reaction ;  for  togelhi 
the  long,  flat,  orange-red  needles  of  the  a-salt  appeal 
glittering  orange-coloured  scales  of  a  ^-salt.  This  j3-ss 
be  obtained  by  another  method,  viz.  the  action  of  pot 
thiocyanate  upon  bronto-aquo-diethylenediamine  chr 
bromide : — 


f      en,      1 
[c„OH.,J 


When  prepared  in  this  manner,  the.  ^-salt  is  not  conlan 
by  traces  of  the  si-salt.  Pfeiffer  has  been  able  to  sht 
the  two  compounds  are  really  isomers,  and  that  we  i 
dealing  with  a  case  of  mere  isomorphism ;  this  was  pro 
preparing  a  series  of  derivatives  of  die  two  sets  of  comp 
and  showing  that  the  derivatives  in  the  a-series  differet 
pletely  from  those  of  the  j3-series,  while  salts  of  the  a 
could  always  be  converted  into  the  original  a-thiocyai 
treatment  with  potassium  thiocyanate ;  while  the  same 
true  for  the  ^-salts,  which  yield  the  (3 -thiocyanate, 
3-salts,  therefore,  appear  to  have  the  structure  \-~- 


itruciure  -^"^^^h 


ry/'--  -^"J^^t 


':rcFnrsoMEK/s.\r  rx  ciiromicm  ( 

«>  nhicli  the  complex  within  the  square  bracket  r 
»  fueled  during  any  double  decomposition  which  the  salt  may 

»«■  made  to  undergo. 

The  evidence,  however,  does  not  exclude  the  possibility  of 
5-tjuciu.re  isomerism,  as  the  one  series  of  salts  (I.)  might  be  akin 
Lo  ihe  true  thiocyanates,  while  the  other  series  (11.)  resembled 
t  he  isothiocya nates ; — 

CrSCN     X  CrN:CS    X 

L     scnJ  L     NtCSJ 

(I-)  (II-) 

But  if  this  were  the  case,  we  should  expect  to  find  the  two  series 
«af  salts  act  in  different  ways  when  they  were  oxidised,  as  Werner 
^md  Briiunlich  observed  in  the  corresponding  compounds  of 
cobalt  From  his  results  with  oxidising  agents,  Pfeiffer  was 
able  to  prove  that  there  was  no  structure  difTerence  between 
the  isomers.  The  isomerism  must  therefore  be  due  to  stereo- 
chemical causes. 

The  case  for  the  stereochemical  explanation  gains  force 
when  it  is  noticed  that  the  thiocyanale  radicals,  which  arc 
directly  attached  to  the  chromium  atom,  can  be  replaced  by 
other  groups,  and  that,  in  spite  of  this  change,  isomerism  is 
still  found  in  the  derivatives,  e.g.  the  addition  product  of  two 
molecules  of  elhylene-diamine  to  chromium  chloride  exists  in 
two  isomeric  forms  ;— 


L     CI,  J 

This  salt  is  obtained  by  treating  the  a-thiocyanalolhio- 
cyajiate,  suspended  in  water,  with  chlorine,  whereby  a  green 
salt  is  produced.  Its  constitution  is  deduced  in  the  following 
way.  In  its  aqueous  solution,  neither  chromium  ions  nor  ethy- 
lene-diamine molecules  can  he  detected ;  these  together  must 
therefore  form  a  complex  ion.  Further,  in  the  course  of  double 
decompositions,  only  one  atom  of  chlorine  enters  into  reaction  ; 
the  other  two,  therefore,  must  be  united  to  the  chromium  atom, 
and  the  sail  has  Ihe  consmaiion  expressed  in  the  toimu\a,. 


r 
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Pfoiffcr  has  prepared  sails  in  which  ihe  g'^up  X 
by  chlorine,  bromine,  iodine,  the  nitrate,  thiocyanat 
dithionale  radicals.  All  these  salts  were  green  in  colou 
for  the  sake  of  convenience,  ihcy  may  be  rererred  to  as 
dichloro-salts," 

If  we  oxidise  the  ^-thiocyanatothiocyanate  we  fin 
instead  of  the  green  compound  which  was  produced 
a-sall,  a  violet  substance  is  formed,  whose  composilic 
constitution,  determined  by  the  means  already  mendoni 
identical  with  those  of  the  green  a-compound.  From  tt 
chloride  it  is  possible  to  obtain  a  second  series  of  salts 
general  formula : — 

which  are  all  violet   in  colour.     Without  going    into 
detail,  we  may  say  that  Pfeiffer  has  shown  that,  in  gener 
addition  products  of  two  molecules  of  ethylene-diamii 
CrX,  of  ttivalent  chromium  exist  in  two  structurally  id 
isomeric  forms.     From  their  methods  of  preparation  m 
classify  these  substances  as  follows  :— 

a-Dithiocyanato-salts.  /3-Dithiocyanato-salts. 

Gtccn  (licliloro-salts.  Violel  ilJchloro-silts 


5   II.    THE  SPACE   FORMUI.M   OF  THE  STEKEOISOK 
CHROMIUM  COMPOUNDS. 

Since  the  chromium  atom  has  the  faculty  of  unitin] 
six  other  atoms,  we  are  evidently  dealing  with  a  case  ana] 
10  that  of  cobalt :  and  the  same  arguments  apply  in  ttu 
as  were  used  by  Werner  in  the  question  of  the  space  fo 
of  the  cobaltamines.  Without  repeating  the  reasonitl 
may  give  the  results  arrived  at  in  the  present  instance, 
compounds  of  the  type  [Cr  ii,Xi,]X "  exist  in  two  i« 

*  It  ihoulU  be  obscnrel  that  this  formula  corrrspondi  to  [Cr  eni 
■mi-  molecule  of  clhjUne-diannn*ic\,\Rci»».'«oHiiAto*Vci.<!<MiMW« 
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Huns,  which  must  be  due  to  a  difference  in  the  arrangement 
T  their  atoms  in  space,  we  may  dispose  these  six  groups 
■iXs  at  the  comers  of  an  octahedron ;  and  in  this  way  we  shall 
btain  two  possible  con6gurations,  and  only  two : — 


/ 


a 


a. 


x 


a 

\ 


Cr 


^ 


X 


X 


a 


(I.) 


■lere,  just  as  in  the  case  of  the  cobalt  compounds,  we  shall 
lave  two  series  of  compounds,  one  of  which,  corresponding  to 
he  formula  (I.),  may  be  called  the  cis-form,  while  the  other 
s  the  trans-form. 


§   III.    T//£    PREPARATION  OF   THE  STEREOISOMERIC 

CHROMIUM  COMPOUNDS. 

It  will  be  most  convenient  to  describe  separately  the 
methods  of  preparation  of  the  two  series  of  isomers.  We  may 
deal  first  with  the  cis-compounds. 

The  compound  from  which  most  of  the  others  can  be 
derived,  direcdy  or  indirectly,  is  bromo-aquo-diethylenediamine 
chromium  bromide,  which  is  prepared  in  the  following  manner. 
Hydrated  chromium  chloride  is  dissolved  in  pyridine ;  water  is 
added,  and  the  precipitate  is  dissolved  in  the  least  possible 
<iuantity  of  hydrochloric  acid;  the  solution  is  filtered  and 
precipitated  with  pyridine.  The  chloride  thus  obtained  is 
Operated  on  the  water  bath  with  a  solution  of  ethylene 
diamine  until  it  becomes  syrupy.  Concentrated  fuming  hydro- 
oromic  acid  is  then  added  drop  by  drop  until  no  more  gas  is 
Solved.  After  standing  a  few  days,  the  solution  produces  small 
impact  Tt^  crystals  of  the  required  bromide  : — 
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From   this   substance  we    can    obtain    cis-dithiocyanalo-| 
diethylenediamine  chromium  thiocyanate : — 


by   double   decomposition  with  potassium  thiocyanate  j 
from  the  Lhiofyanate  in  turn  we  can  obtain  the  chloride ;- 


Cr  CI 

L      (SCN),  I 

by  warminy  it  with  hydrocUoric  acid. 

The  last  com])ound  of  this  scries  wliose  preparation  Ded 
be  described  is  the  dithiocyanatoHiicthylenediamine  chromium 
nitrate,  which  is  formed  when  the  solid  thiocyanate  salt  is  left 
in  contact  with  concentrated  nitric  acid  which  has  been  diluttd_ 
with  thrice  its  bulk  of  water  : — 


L      (SCN>,J 
The  cis-dichloro-dielhylenediatniiic  chromium  salts  o 
general  formula :— 

are  obtained,  like  the  dithiocyanalo   salts,  from  a   pyridit 
derivative.     The  method  of  preparation  is  the   same  as 
used  in  the  case  of  bromo-aquo-diethyleoediamlne  chromii 
bromide,  except  that  hydrochloric  acid  replaces  hydrobroniic 
acid.    The   salt  thus  obtained  is  the  ds-dichloro-diethylenc- 
diamine  chromium  chloride ; — 


c. 


CI 
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From  this  chloride  several  other  salts  are   ohtaineJ,  r.,v 
the  tii  Irate  ; — 


f^-:]^ 


thiocyanale  : 


NO, 
of  concentrated  nitric  acid  :  and  the  cis-dichloro- 


Cr 


CI, 


SCN 


by  double  decomposition. 

We  must  now  turn  to  the  salts  of  the  trans-series.  Trans- 
dithiocyanato  chromium  thiocyanate  is  obtained  by  healing 
triethylenediamine  chromium  thiocyanate,  [Cr  en.,]  (SCN)j,  and 
from  this  in  lum  we  can  obtain  dichJoro-diethylenediamine 
chromium  chloride  by  the  successive  actions  of  chlorine  and 
hydrochloric  acid.  From  the  dichloro-chloride  the  dichloro- 
thiocyanate  is  produced  by  double  decomposition  with  potassium 
thiocyanate.  Just  as  the  corresponding  cis-conipound  was 
obtained  by  the  action  of  concentrated  nitric  acid  upon  the  cis- 
Uichloro- chloride,  so  we  obtain  the  trans-isomer  of  the  type  : — 


NO, 


by  the  action  of  concentrated  nitric  acid  upon  :- 


y 


CL, 


CI 


*  ^Vhen  a  solution  of  cis-dichloro-dielhylenedi amine  chromium 
chloride  is  warmed  with  a  concentrated  solution  of  potassium 
oxalate,  the  cooled  solution  deposits  a  crystalline  carmine 
substance.  The  analysis  of  this  substance  proves  it  to  have 
the  empirical  formula  Cr^njtCnO,),,  From  the  manner  of  its 
production   it  appears   probable  that  the  salt  has   the   con- 

nition  :  — 


CrCOj 
CjO,  I    i     CO,  1 
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This  probability  provt:s  to  be  almost  a  certainty,  as  it  has  been  I 
Tutind  possible  by  the  use  of  concentrated  acids  to  expel  Ibe  I 
positive  group:  — 


Troni  the  molecule,  and  to  isolate  it 
the  type : — 

[  CHj      1 

Cr  X 

I     c,o,  I 

On  the  other  hand,  when  we  treat  irans-dichloro-dittiiyletir 
diamine  in  the  same  way,  violet-red  crystals  separate  from  the 
cool  solution.  In  contrast  lo  the  result  in  the  case  of  the  6^ 
compound,  these  crystals  contain  chlorine. 


S    IV.    THE   PRQI'EKTIES   OF  THE  STEKEOISOMERK 

CIIRO.\fWM  COMPOUNDS. 

Except  in  so  far  as  the  properties  of  the  two  isomers  diffti 
from  one  anotlier,  it  will  not  be  necessary  to  deal  with  them 
here.  The  chief  difference  between  the  two  dithiocyanalo- 
diethylenediamine  chromium  lliiocyanates  ;— 


Cr 


SCN 


(SCN).j  I 

is  in  colour  and  crystalline  form  ;  the  cis-conipound 
in  the  form  of  small,  reddish-orange  scales  which 
of  fine  needles,  while  ihc  trans-isomer  occurs  as  lonj 
yellowish -red  needles. 
The  chloride : — 


I 


I  <-> 


CI 


;  ghttcring,  tuby-icii  vvitniVt^  vcv  \i«; 


'•"'■'  ^^B 
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irans-form  consists  of  orange-rctl  rhombic  crystals.  A  further 
difference  between  the  isomers  appears  to  be  their  stability  in 
aqueous  solution,  the  cis-isomer  decomposing  faster  than  the 
trans -compound.  The  data,  however,  are  not  very  exact  on 
this  point. 

In  the  case  of  the  nitrate  ;— 

en,        "I 
T  NO, 

(SCN),.  I 

the  cis-fonn  crystallizes  anhydrous,  while  the  (rans-form  has 
one  molecule  of  water  of  crystallisation. 

A    similar  difference  is  found  in  the  case  of  ihe  dicbloro- 
diethylenediamine  chromium  chloride  ;— 


CI,  I 

as  the  cis-form  of  this  substance  crysialliies  with  one  molecule 
of  water ;  while  the  trans-chloride  is  an  acid  sah,  and  crystal- 
liites  with  two  molecules  of  water  and  one  of  hydrochloric 
acid.  On  heating  to  ioo°  C.,  both  lose  their  water  of  crystal- 
lization. The  cis-compound  does  not  change  in  colour  with 
this  loss,  but  the  trans- chloride,  which  also  loses  its  hydro- 
chloric acid  molecule,  is  converted  into  ihe  ^reen  neutral 
chloride. 

Finally,  the  dichloro- nil  rate  ; — 


V  I     CI,  > 

shows  differences  in  colour  between  the  two  isomeric  forms. 
Thf  cis-com[)ound  occurs  as  small,  violet-red,  needle-shaped 
leaflets.  The  trans-compound  is  made  up  of  grey-green  needles, 
which,  when  heated,  become  pure  green  in  colour,  but  grim 
tjrey  again  on  cooling.  The  irans-isomer  is  much  less  sokiMi 
in  water  tlun  the  cis-form. 


§   V.     THE    TRAN^SMUTATroy  OF   THE  STBHEOISOMERK 
COMPOUNDS  OF  CHROMIUM. 

In  comparison  with  [he  isomeric  cobalt  compounds,  the 
isomers  of  the  chromium  series  are  distinguished  by  a  much 
greater  degree  of  stability.  For  instance,  it  is  possible  to 
eva[»rate  solutions  of  the  green  or  violet  salts  in  hydrochloric 
acid  to  dryness  without  bringing  about  any  change  in  con- 
figuration, though  in  the  case  of  the  cobalt  salts  Ihis  method 
can  be  used  as  a  means  of  transmuting  one  isomer  into  ihc 
other.  In  spite  of  this,  hovfever,  it  is  possible  to  conven 
many  chromium  compounds  of  the  one  type  into  their  stereo- 
isomers. 

The  change  of  a  green  salt  into  a  violet  one  may  be 
accomplished  as  follows.  An  aqueous  solution  of  the  grewi 
salt  is  allowed  to  stand  for  one  or  two  days,  during  whidi 
time  its  colour  changes  to  red ;  and  on  evaporating  the  solu- 
tion with  hydrochloric  acid  a  considerable  quantity  of  violet 
salt  can  be  isolated. 

The  reverse  change  of  a  violet  salt  into  a  green  one  is 
brought  about  by  repeatedly  evaporating  the  aqueous  solution 
in  presence  of  hydrochloric  acid  and  mercuric  chloride :  on 
extracting  the  residue  with  water,  a  green  crystalline  powder 
is  left  behind,  which  is  composed  of  a  double  salt  of  the 
mercuric  chloride  and  the  green  chloride. 

A  transmutation  of  a  green  dichloro-salt  into  a  violet  one 
may  be  brought  about  in  the  following  way.  When  green 
dicbloro-diethylencdiamine  chloride  is  warmed  with  ethylei»-j 
diamine  it  givesaluteo-chloride,  which, when  heated  to  iso''C,j 
loses  a  molecule  of  ethylene-diamine,  and  is  converted  into 
ihe  violet  dichloro-chloride  : — 

Green  dichtonv  i.iilco-chlnriik-. 

chloride. 
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Pfeiffer,  in  the  following  table,  gives  a  synopsis  of  the 
ansmutations  he  has  obtained  : — 
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§    VI.   CONFIGURATION  DETERMINATION 

Pfeiffer  employs  the  same  method  of  determina 
Werner  used  in  the  case  of  the  cobaltamines*  configi 
viz.  the  stability  of  certain  ring  compounds  in  die  u 
salts.  The  com  pounds  which  he  has  chosen  for  bis  expei 
are  the  oxalato-diethylenediamine  chromium  salts : — 


Cr 


ent 


QO, 


X 


The  stable  configuration  of  the  complex  radical  wit 
bracket  must  be  the  following  : — 


a 


a 


o-co 


Cr 


a 


^—o-<o 


a 


The  ethylene-diamine  radicals  are  indicated  here  by  aa 
of  "  en." 

This,  for  the  sake  of  simplicity,  may  be  written  in  the  f< 


a 


O-  CO 


/ 
a 


O-CO 


in  which  one  of  the  ^-groups  is  supposed  to  lie  above  a 
below  the  plane  of  the  paper.  These  two  groups  are  < 
from  the  figure  for  clearness. 

If  this  position  of  the  oxalato  group  be  the  true  on 
the  probability  is  much  in  its  favour),  then  by  replac 
oxalato  group  by  two  chlorine  atoms  we  should   be 
pass  io  what  was  undoubVedX^  ^  cA^-^\0c^w^>c5ajWiv»MML 


Inro-rnm- 


r/^FO/SOJfEff/S.V  /.V  C//ffOAf/[rAf  COMPOUA'DS 

lunher,  it  should  be  more  easy  lo  pass  from  this  dichloro-cora- 
pound  back  in[o  the  oxalato  salt  than  it  would  be  if  we  set  out 
rrom  the  isomeric  dichloro-compound. 

E>:periment  shows  that  when  the  oxalato  salt  is  warmed 
with  concentrated  hydrochloric  acid  even  to  a  temperature  of 
40'  C,  a  violet  salt  is  obtained,  which,  by  double  decomposi- 
lion  with  potassium  iodide,  yields  a  crystalline  iodide  of  the 
formula  :— 

ens'] 
T  I 

C1,J 

which  proves  to  be  identical  with  the  iodide  of  the  violet  salt 
series.  As  it  was  shown  that  under  the  conditions  of  the 
reaction  no  change  of  the  green  iodide  into  the  violet  one 
takes  place,  it  seems  certain  that  the  violet  salts  are  of  an 
analogous  configuration  to  the  oxalato  salt. 

Again,  the  reverse  change  of  the  violet  chloride  into  the 
oxalato  salt  is  easily  brought  about  by  wanning  its  solution 
with  potassium  oxalate,  a  complex  salt  being  produced  which 
Kas  the  constitution  : — 


liut  nhen  this  reaction  is  carried  out  with  the  green  chloride, 
a  complex  salt  is  formed  which  does  not  contain  the  group  :^ 


but,  i 


?ad,  the  unchanged  radical : 


h:j 


^^The  whole  question  depends  upon  the  position  of  the 
oxalato  group  in  the  oxalato-dielhylencdiamine  salts;  and 
though  no  proof  is  possible  of  its  real  position,  all  the  probability 
geema  to  i»voar  ot Pfeiffer's  assumption. 
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THE   riII':NOMENA   OP   STERIC    KTNnRANCE.' 

5    I, —  THEORETICAL. 

In  187?,  Hofmann '  found  that  certain  aromatic  tertiaiyai 
do  not  possess  the  property  of  uniting  with  dkyl  iodides  t> 
form  quaternary  ammonium  salts.  Since  then,  many  analoga 
cases  have  been  observed  by  various  workers,  and  an  eiplw 
lion  of  the  phenomena  has  been  put  forward.  The  assunipiii 
is  made  that  in  any  molecule  each  atom  vibrates  about 
certain  centre,  and  that  the  amplitude  of  this  vibration  is  n 
negligible  in  comijarison  with  the  size  of  the  molecule  it« 
It  is  obvious  that,  if  this  be  granted,  the  atom  will  require  ) 
its  motion  a  space  in  excess  of  its  own  volume.  Now,  if  1 
suppose  that  another  atom  forces  its  way  into  the  vibralii 
sphere  of  the  first  atom,  collisions  between  the  two  will  oca 
and  it  is  probable  that  one  or  other  will  be  driven  back.  11 
case  is  parallel  to  that  of  a  person  trying  to  force  his  way  in 
a  crowded  room. 

Now  let  us  consider  the  application  of  this  idea  to  the 

"  This  rhapier  conlains  a  complclc  Jccoiiol  of  ilic  most 
rcscnrches  in  Ihis  branch  orslcrcuchemislry.  kFailcis  wliu  nie  not 
in  ilelails  nrc  adv-iscci  i»  omit  §  IE,  lug  VIII.  incliisivc;  S  I.  a 
(ImI  with  the  general  piinciplts  of  Ihc  siilijecl. 

'  Jlofnuon,  Bit.,  ft,  ^a^^ia^i,'). 


f  chemical  reactions.  When  two  compounds  react  together,  two 
roups  are  generally  involved  ;  for  example,  in  the  case  of  oxime 
Itnnation  the  two  groups  are  the  :C0  radical  and  the  — NHj 
joup.  Obviously,  these  two  will  not  react  with  one  another 
iniil  they  come  within  range  of  each  other's  attractions ;  and 
fwe  can  prevent  Iheir  doing  so,  we  shall  be  able  to  hinder  the 
irogress  of  the  reaction.  But  this  we  should  be  able  to  do  if  we 
urrounded  the  carbonyl  group  with  such  a  mass  of  atoms  that 
he  hydroxylamine  molecule  was  unable  to  force  its  way  in, 
rhis  could  be  done  by  replacing  the  groups  near  the  carbonyl 
>y  larger  radicals.  For  example,  if  we  replaced  all  the  hydrogen 
itoms  in  acetone  by  methyl  radicals  we  should  expect  to  find 
hat  the  reaction  of  osime  formation  was  very  considerably 
Cnpeded.  This  has  been  shown  to  be  actually  the  case  ;  and 
be  name  SUric  Hindrance  has  been  given  to  the  phe- 
lomenon. 

Bischoff '  has  put  forward  what  is  now  generally  known  as 
lis  Dynamic  Hypothetis  by  means  of  which  he  has  been 
ibic  to  explain  many  peculiarities  of  reactions  involving  chain 
brtnation  or  intramolecular  change.  The  Dynamic  Hypo- 
hesis  is  based  upon  the  assumption  that  in^  any  molecule  the 
Items  lend  to  take  up  positions  which  give  the  most  scofie  for 
■ibration'jso  that  if  a  reaction  can  produce  two  end-products, 
he  on'e^  formed  in  greatest  amount  will  be  that  in  which  the 
itoms  find  the  least  hindrance  to  their  motions  within  the 
nolecule.  Bischotr  adopts  the  idea  that  the  carbon  chain  is 
nore  or  less  cyclic  in  outline,  and  from  this  he  deduces  that 
he  accumulation  of  substituents  in  the  1,5-  or  1,6-position 
»ith  regard  to  the  groups  concerned  in  any  reaction  will  tend 
o  hinder  that  reaction.  The  positions  1,5  and  1,6*  are 
ermed  by  Bischoff  critical  positions.  An  example  of  what 
B  meant  is  furnished  by  the  case  of  the  reaction  between 
linitro-stilbeoe  bromide  and  the  sodium  derivative  of  malonic 
ater.     This  reaction  might  be  expected  to  take  the  course 

*  Bischoff  adopis  Ihc  iriea  Ihul  die  pi 
him  \\e  neuer  lngelhi:r  in  sp.ice  ihati  i  ,3  1 
I.  and  IV, 

<  BiMibt<  JW..  M,  laS?  (iSgij. 


;  or  r.6  in  .1 

■0  (nllo»!ng  Cba,,lc 


Na— CH— COOEt 


jr6 

indicated  in  equation  (I.),  but,  instead,  it  produces  the 

pounds  shown  in  (II.).     It  wilt  he  seen  that  if  the  pi 

(I.)  wtre  actually  formed,  there  would  be  four  groups  in 

1,6-posilion  to  one  another,  while  this  is  not  the  case  in  (IIJ 

H  COOEt 

I  I 

CH..NO,— C~Ili 

I  + 

C.H4.NO,-C~Br  Ns— CH— COOEl 

I  I 

H  COO  El 

H     COO  El 

(3)1  IW      (■' 

C,H,.  NO,— C—CH— COOEt 

(1)1       li)  («)  +  '^ 

C,H,.  NOj—C~CH— COOEt 
I      1 
H  COOEt 

H        ,,)  COOEt 
C„H..N(1,— C        (,,  CH— c'oOEi 
C.H..NO,- 

CoOEt 


I 
,,CH— COOEt 

,)C0 


It  is  not  necessary  to  quote  any  more  examples  u^ 
present  section,  as  many  instances  will  be  given  later  VH 
chapter. 

The  question  of  steric  hindrance  has  been  approi 
from  another  point  of  view.  Measurements  of  the  velot 
ihc  addition  of  sodium  hydrogen  suli)hite  to  various  k< 
compounds  showed  that  tautomeric  compounds  like 
ester  had  a  greater  reaction  velocity  than  ordinary  k 
such  as  acetone,'  and  this  was  explained  liy  means  of 
hyjiolhcsia.' 

'  Stewart,  TVrtu/.,  IT.  i8s  (itPS)  1  ^<^—  •*■  78(190$,^ 
'  StewartMidBa\'j,Trom.,»a,t»^\,\^V 
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If   we   consider  an  ordinary  solution  of  acetoacL-tic  ester, 
vidently  it  is  an  equilibrium  mixture  of  the  two  forms  : — 
(I.)  CH,.CO.CH,.C0OEl     (11.)  CH,.C:CH.C0OEt 

I 
OH 

How,  when  a  molecule  of  the  enoHc  form  (II.)  i«sses  into  the 
orm  (I.),  the  result  is  the  formation  of  a  carbonyl  group  from 
1  hydroxyl  group;  and  from  analogy  with  the  behaviour  of 
itoms  in  the  nascent  condition  we  must  suppose  that  this 
Utseetil  <arbimyl  group  is  endowed  with  a  much  greater 
■cactive  power  than  is  possessed  by  the  ordinary  non-nascent 
aibonyl  radical,  just  as  nascent  hydrogen  is  distinguished  from 
ion-nascent  hydrogen  by  its  exceptional  chemical  activity. 
ilewart  and  Ba!y  hold  that  the  reaclivity  of  any  carbonyl  group 
s  not  inherent  in  the  group  itself,  but  depends  upon  the 
'  nascency  "  of  the  radical  in  question  ;  the  "  nascency  "  being 
joveraed  by  the  action  of  the  adjacent  groups  upon  the  carbonyl 
radical  This  implies  tiiat  a  process  of  vibration  similar  to 
iiat  occurring  in  acetoacetic  esler  must  be  going  on  in  the 
icelone  molecule ;  and  from  spectroscopic  evidence  Slewan 
md  Baly  were  able  to  prove  that  this  was  the  case.  They 
ihowed,  further,  that  tlie  reactivity  of  the  carbonyl  group  in  any 
impound  is  proportional  to  the  persistence  of  a  certain  band 
b  the  absorption  spectrum  of  the  substance,  so  that  the  relative 
"eactivities  of  two  ketonic  bodies  can  be  approximately  pre- 
licted  without  any  actual  measurements  being  necessary. 

In    the  'course    of  their   investigations,  Stewart  and  Baly 

und  that  in  contradiction  to  the  steric  hindrance  theory,  the 
■eactivily  of  the  carbonyl  radical  in  pyruvic  ester  was  un- 
spectedly  great ;  ajid  the  spectroscopic  evidence  gave  groimds 
or  supposing  that  in  this  compound  also  the  reaclivity  is  due 
o  the  formation  of  a  nascent  carbonyl  group,  which,  however, 
9  produced  in  a  different  manner  from  those  previously  men- 
ioned,  as  it  is  brought  into  existence  by  the  simple  des  mo  tropic 
±angeof(I.)into(n.):— 

CH,.C=C— {)Et  CH..C— C— OEt 

("■>  I       I  (It-)  \      II 
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Stewart  and  Baly  have  therefore  rejected  the  hypotfaeaiA 
steric  hindrance  in  so  far  as  it  concerns  such  reactions  as  ikH 
of  a  carbonyl  radical ;  and,  instead,  they  attribute  the  lundefll 
effects  of  substituents  to  the  interference  of  these  widifl 
formation  of  the  nascent  carbonyl  group.  It  is  evident  tfaril 
we  substitute  six  methyl  groups  for  the  six  hydrogen  atomifl 
acetone  there  will  be  no  chance  of  tautomeric  change,  a 
hence  the  carbonyl  group  is  practically  inactive.  I 

The  same  theory  has  been  applied  to  the  case  of  til 
quinone  oximes,^  which  at  one  time  was  supposed  to  be  H 
classic  instance  of  steric  hindrance ;  and  spectroscopic  evidadj 
proves  conclusively  that  factors  of  much  greater  impoitiMl 
than  steric  hindrance  are  concerned  in  this  case.*  I 

Although,  in  these  two  instances,  influences  not  allied  ■ 
steric  hindrance  have  been  shown  to  play  the  chief  r61e,  manjl 
cases  are  known  which  have  not  yet  been  explained  on  any 
hypothesis  other  than  that  of  steric  hindrance  ;  so  that  in  the 
remainder  of  the  present  chapter  it  will  be  most  convenient  w 
deal  with  several  problems  and  give  explanations  of  then 
drawn  from  purely  steric  considerations,  without  laying  great 
stress  on  the  concomitant  chemical  questions  which  arc 
involved. 


§   II.    ESTERIFICATION. 

1.  Aliphatic  Acids. — It  has  long  been  known  that  the  rate 
at  which  an  ester  is  formed  depends  upon  tlie  constitution  i 
the  acid  and  alcohol  which  are  employed.     This  question  his ; 
been  very  fully  investigated  by  Menschutkin,^  who  found  that 
the  rate  of  ester  formation  diminishes  as  the  alcohol  becorws 


*  See  p.  419. 
»  Stewart  and  Baly,  Trans.  89,  618,  (1906). 

•  Ann.  Chim.  Phys.,  [5]20,  229  (1880) ;  28,  14  (1881) ;  80,8l  (ll 
Jour.  Kuss.  Pfiys,  C/wtn.  Soc,  9,  316,  346  (1877)  ;  10,  278  (1878) ;  U,  ^ 
345  (1779):  12,  82  (1880);  18,  564  (1881);  16,  356  (1S84);  Ar.tf' 
1812  (1880);  Annaletit  196,  334  (1879);  197,  193  (1879) ;  TVww-i  •^ 

/5J2  (1906). 
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more  complicated  in  structure.  Methyl  alcohol  reacts  most 
te|Mdly ;  then  in  turn  come  higher  primary,  secondary,  and 
tertiary  alcohols ;  and  it  appears  that  an  accumulatioji  of 
Udicals  around  the  hydroxyl  group  of  the  alcohol  exerts  a 
hindering  influence  upon  the  reaction. 

Hitherto,  it  has  been  usual  to  suppose  that  the  hbdrancc 
Was  due  to  the  fact  that  the  radicals  around  the  hydroxyl  group 
shielded  it  from  the  action  of  the  acid,  as  we  have  explained 
in  the  previous  section.  There  is,  however,  another  way  in 
which  the  phenomenon  may  be  treated.  If  we  apply  Bischoffs 
Uynamic  Hypothesis  to  the  present  case,  and  take  as  an 
example  the  esterification  of  aceiic  acid  with  various  alcohols, 
»e  should  find  compounds  of  the  following  types  pro- 
duced : — 


,0  (=)      Cl)      (4) 

CH*-C0-O-CH, 


(HI.) 


(U.) 
CHHJO-U-CH.,-CH, 

(IV.) 

CH.ij, 

CH.-Co4>-C-CH,t,) 

CH,<o 


tCH^O-0-CH— CH, 
(5) 
CH, 

lod  it  will  be  seen  from  an  inspection  of  the  formula  that  in 
Case  I.  DO  two  atoms  are  in  the  critical  1,5-position  to 
:ach  other;  in  Case II,,  two  atoms  arc  thus  placed,  tlie  methyl 
l^oupfi  at  the  ends  of  the  chain  being  in  that  position ;  in  Case 
[II.,  two  methyl  groups  are  in  the  i,s-position  to  the  methyl 
^oup  in  the  acidic  radical ;  while  in  the  case  of  the  tertiary 
ilcobol,  IV.,  there  are  three  methyl  groups  in  the  i,s-position 
lo  the  methyl  of  the  acid  radical.  Thus,  on  the  Dynamic 
Hypothesis,  there  is  an  increasing  hindrance  to  be  expected  as 
nre  pass  from  the  lower  to  the  higher  alcohols. 

The  same  hindrance  is  found  when  a  series  of  acids  of 
various  complexities  is  esterified  with  the  same  alcohol     It 
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has  been  shown  that,  in  the  case  of  the  substituted  aoedci 
the  rates  of  reaction  decrease  in  the  following  order*  :-^ 

44-4%  41-2%  »9'0%  8-3X 

COOH     COOH        COOH        C( 


CH3       CHg  CH      CHj — C- 


CH,       CH3    CH,       CH, 

and  in  this  case  also,  either  of  the  two  explanations  may 
advanced  with  equal  justice. 

Heyl  and  Victor  Meyer  *  made  a  series  of  experiments  of 
similar  nature,  but  since  they  were  undertaken  with  a  view 
comparison  with  the  aromatic  acids^  they  will  be  dealt 
later  in  this  section. 

Petersen  -  investigated  the  rates  at  which  methyl  esters  wet 
formed  by  various  acids,  and  showed  that  in  the  case  rf 
isobutyric  acid  the  velocity  was  only  three-quarters  of  that 
obtained  when  normal  butyric  acid  was  used. 

Sudborough  and  Lloyd*  carried  out  a  series  of  deltf- 
minations  of  the  velocity  of  csterification  of  various  aliphalic 
acids.  Their  method  was  as  follows  :  100  c.c.  of  an  N/5  soluliofl 
of  the  acid  were  mixed  with  100  c.c.  of  N/20  hydrochloric  add 
in  ethyl  alcohol  solution,  and  kept  at  a  proper  temperature  d 
14-5'^  C.  for  a  given  time,  at  the  end  of  which  the  amount  of 
acid  present  in  the  solution  was  estimated  by  titration  with 
N/20  sodium  hydroxide.  By  using  different  times,  the  tennsin 
the  equation  : — 


K  =  7  log 


ij 

X 


where  a  is  the  initial  concentration  of  the  acid,  were  obtained 
Sudborough  and  Lloyd  suggested  that  the  letter  E  should  be 

*  These  numl)crs  represent  the  initial  velocity  or  the  j>crccntagc  of  ac» 
((»rij;inal  amount  =  100%)  which  is  converted  into  ester  when  equi-roolccob' 
<iuaiitities  of  the  acid  and  isobutyl  alcohol  are  heated  at  155®  for  to  how. 

»  Heyl  and  V.  Meyer,  Ber,,  28,  188,  2776  (1895). 

'  Petersen,  ZeU.  physikaL  Chem,y  16,  385  (1895). 

^  ijudborough  and  LVoyA,  'iVans.^lb,  A,^n  V^'^^. 
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used  lo  denote  the  esteriTication  constant  of  an  organic  acid 
when  normal  hydrochloric  acid  is  employed  in  etiiyl  alcohol 
solution.  As  the  constant  varies  »-ith  the  lemperalure  and 
also  with  the  alcohol  used,  the)'  suggested  also  that  expressions 
like  F'^^^i),,  and  ^'y^^,^^  should  be  used  lo  denote  csterification 
constajUs  for  different  alcohols  at  various  tt:ni]ieratures.  From 
the  results  obtained  by  Sudborough  and  Lloyd,  it  appears  that 
the  rate  of  esterificatton  has  no  connection  with  the  strength 
of  the  add  employed,  as  ihe  following  figures  show  t  — 


Acid. 

Formuli. 

^EtOH 

K' 

F'ropionic .       . 
l-„l„„y,k          , 

CH,.COOH 
CHi,CH„roOH 
(CH,),  :CH.COOH 

3«i 

:-o.96 

o-ootSo 
ooor34 

These  results  differ  from  those  of  Lichly,'  who  usL-d  the 
autoc.italytic  method  ;  for  in  his  work  he  found  that  the  amount 
of  ester  formed  was  proportional  to  the  strength  of  the  acid 
employed.  It  appears  from  this  that  in  the  one  case  the 
determining  factor  is  the  itreiiglh  of  the  acid,  while  when 
hydrochloric  acid  is  present  the  chief  factor  is  the  tonstUulioti 
of  the  acid.  In  a  series  of  substituted  acetic  adds  of  the 
lyt«?:  — 

CH,X.COOH        CHX,.COOH        CX,.COOH 

it  appears  that  the  mono-substituted  acid  is  more  readily 
esterified  than  the  di-,  and  this  in  turn  more  readily  than  the 
tri-siibstituted  compound.  This  holds  good,  however,  only  if 
the  radicals  X  are  similar  in  each  case  ;  for  it  is  found  that 
I  r!  methyl-acetic,  fur  instance,  estenfies  much  more  easily  than 
dichloracetic.  The  following  figures  give  some  illustration  of 
ihe  qiJcstion  : — 

1  (Jslwald,  Ztil,  fkyiikal.  Chm..  8,  176  (1889! 

'  Lichi}'.  Amff.  CAem.  /.  17.  37  (1895! ;  18,  590  Uaq6^. 
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CH,.COOH  3-«i 

CH..CH^COOH  JQ« 

(CH^.CH.COOH  1-0196 
(CH,),-C.C0OH 

Cl.CH,.COOH 
ClfCH-COOH 
C1,.C.C00H 


We  must  now  t;;(am'me  the  question  uf  the  unsaturated 
acidsor  the  aliphatic  series.  Sudborough  and  Lloyd  '  exami 
the  behaviour  of  about  thirty  derivatives  of  acrylic  acid,  lOo 
from  their  results  certain  conclusions  may  be  drawn. 

Di-substituted  acrylic  acids,  (I,),  in  which  one  subslitueal 
is  in   the  u-position  and  the  other  in  the  trans- position  ■ 
regard  to  the  carboxyl,  are  readily  esterified  when  boiled  for  U 
hour  with  a  3%  solution  of  hydrochloric  acid  ; — 
(I.)     Y-C— H 

X— C— COOH 

but  if  the  substiluent  Y  he  transferred  to  the  cis-position,  J 
(li.),  the  acid  becomes  difficult  to  esterify  : — 
(il.)     H— C— V 
il 
X— C— COOH 

The  same  is  found  when  in  (I.)  a  third  substituent  ia  imruL 
in  place  of  the  hydrogen  atom,  for  compounds  of  the 
(UI.)  are  also  difficult  to  esterify :— 


k. 


(in.) 


Y— C— Z 

I 

X— C— COOH 


■  SadbaK»gKandUai&,  Tnini.itV&t^tSqSI. 
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The  hindering  influence  of  the  two  groups   in  the  )8-posi- 

tion,  however,  is  only  marked  when  a  substituent  is  present 

in  the  a-position ;  for  compounds  of  the  type  (IV.)  are  easily 

esterified : — 

(IV.)     Y— C— Z 

II 
H— C— COOH 

It  appears  that  the  weights  or  volumes  of  the  radicals  in 
the  a-  and  cis-positions  have  considerable  influence  upon  the 
amounts  of  esters  formed  by  the  substituted  acids.  This  is 
clearly  shown  in  the  cases  of  the  halogen-substituted  cinnamic 
acids,  for  which  the  figures  are  given  below  : —  . 


Cinnamic  acid. 


Dichloro- 
Dihromo- 

Di-iodo- 


Per  cent,  ester  formed. 


3090  and  3034 
7-92    „      8-19 

1338    „    I3»3 
2-IO   „      1*96 


{McM 


>f 


Sudborough  and  Roberts  *  carried  out  further  investigations 
in  the  same  series  of  acids,  and  were  able  to  confirm  the  work 
which  had  been  done  previously.  They  investigated  the 
relations  between  the  esterification  constants  of  the  unsaturated 
acids  and  those  of  the  saturated  analogues ;  and  showed  that 
the  saturated  acid  is  much  more  readily  esterified  than  the 
corresponding  unsaturated  compound  :  — 


Unsaturated. 

E. 

1 
1 

Saturated. 

Crotonic 

Cinnamic 

Fumaric  mono-ethyl  ester 
Maleic  mono-ethyl  ester  . 

1-28 

0937 
179   I  , 
0-859$ 

1 

Butyric       .... 
Hydro-cinnamic    . 
Succinic      mono-ethyl 
ester        .... 

1 

E. 


41-63 
43  20 

17-25 


This  may  imply  that  the  atoms  are  more  closely  grouped 


'  Sadborough  and  Koberts,  Trans. ^  87,  l&40^i9q$V 
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logelher  in  the  unsaturated  compound  than  in  the  saluratnl 
one  :  but  there  is  no  proof  (hat  this  is  the  ease. 

The  series  of  aliphatic  dicarboxylic  acids  must  now  be, 
examined. 

Anschiiti '  pointed  out  that  when  a  dicarboxylic  acid  ii 
esterified  by  means  aX  alcohol  and  hydrochloric  acid,  Uk 
velocity  of  eslerification  will  be  influenced  by  the  presence  o 
;  and  that  it  is  probable  that  a  carboxyl  grouj 
united  with  a  tertiary  carbon  atom  will  be  esterified  tnon 
easily  than  one  which  is  joined  to  a  quaternary  carbon  atom. 
That  is  to  say,  in  the  compound  shown  below,  the  carboiyl 
group  which  has  ati  asterisk  attached  to  it  will  be  esterified 
before  the  other  :^ 


CH 


CH, 


-COOH 


Blaise'  examined  the  somewhat  similar  case  of  dimethyl- 
succinic  acid,  and  showed  that  in  this  case  the  carboxyl  with 
the  asterisk  was  much  more  readily  esterified  than  the  olhei, 


I  (') 

CH.— C— CH,-aK)ll 
! 
COOH 


CH,"CH— COOH 

I 
CH,— CH— COOH 

(If.) 


showed,   further,  llial  when   a  syiiiroetrirally   subsliluti 
■  acid,  (II.),  was  esterified,  the  proportion  of  acid 
neutral  ester  was  less  than  in  the  case  of  the  unsymtncEiii'al 
acid  (I.);  which  is  another  way  of  expressing  the  same  resulL 
The  substituted  glularic  acids  ga^'e  similar  results. 


'  Aaschiitt,  Bfr.,  80,  »6si(iS97}. 

»  Blaise,  Compt.  «nd.,  V»,^«\^%*^■.^Sfc,fe^' 
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Piutti  ^  showed  that  when  aspartic  acid  was  esterified  it 
ielded  the  ^^-ester  COOH.CH(NH2).CH3.COOR.  From 
tiis  it  may  be  concluded  that  the  amido  group  in  the  a-position 
las  Sonne  influence  upon  the  esterification  process. 

2.  Alicyclic  Acids. — The  only  substances  which  need  be 
nentioned  in  this  section  are  hydromellitic,  camphoric,  and 
lydroxycampho-carboxylic  acid. 

Haller  ^  showed  that  when  homocamphoric  acid  was  treated 
vith  hydrochloric  acid  and  alcohol  it  gave  very  little  neutral 
jster,  the  chief  product  being  an  acid  ester  having  the  following 
brmula : — 

CH.r-COOEt 

I 
CH 

CH,  \ 


C(CH3), 

CH,    \oOH 

Haller,^  as  well  as  Briihl  and  Braunschweig/  have  proved 
lat  the  same  occurs  in  the  case  of  camphoric  acid  itself,  as, 
hen  similarly  treated,  it  also  gives  an  acid  ester  of  the 
>rmula : — 

COOEt 


/CH 
CH,  \ 


C(CH3), 
CH, 

V 

CH..      COOH 


>  Piutli,  Gaz'Mtrt,  17,  126,  457  (1S87). 

-  HaUer,  Compt.  rend.,  109,68,  112  (1889). 

*  Haller,  Ibid.,  114,  1516(1892). 

'  BriibJ  and  Brauaschweigy  iVtr..  26,  1796  (1^9 2V 
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The  isomeric  esters,  in  which  the  ethyl  is  attached  lo  ihe  oth 
carboxyl  group,  are  obtained  by  first  preparing  the  dielhjl 
ester  of  the  acid,  and  then  submitting  it  to  a  process  of  partial 
hydrolysis.  In  this  way  it  is  found  thai  the  group  which  is 
most  easily  i^teritied  is  also  the  most  easily  hydrolysed. 
The  case  of  hydromellitic  acid 

COOH— C  H— C  H — COOH 

COOH.Cft        CH.COOH 

COOH— C  H—CH— COOH 

is  even  more  remarkable,  as  in  this  case,  though  there  arc 
carboxyl  groups  in  the  molecule,  not  one  of  ihem  is  esierified 
by  ihe  usual  method  with  hydrochloric  acid  and  alcohol.  Is 
the  case  of  the  isomeric  isohydromellitic  acid,  one  carboiyl 
group  can  be  esterified  by  this  process.  This  behaviour 
due  to  the  niere  presence  of  the  carboxyl  groups  attached  to 
neighbouring  carbon  atoms,  as  it  is  found  that  tricarballylic 
acid  (I.),  citric  acid  (11.),  and  aconitic  acid  (HI.),  all  give 
esters  under  the  same  conditions  as  those  under  which  hydre- 
mellitic  acid  falls  to  react : — 


CH,-COOH 

I 
CH^COOH 

I 

CH,-C0OH 
'ricarballylic  Add. 


CH.,-COOH 
I 

HO-C COOH 

I 

CHa-COOH 
Citric  Add. 


(III.) 
CH-COOH 


CH,COOH 

Aconitic  Abi 


The  explanation  cannot  rest  upon  chemical  grounds,  audit 
seems  best  lo  adopt  the  view  put  forward  by  van  Loon  '- 
the  two  hydromellitic  acids  differ  in  the  arrangement  of  tl 
carboxyl  grou{>s  in  space,  so  that  in  the  case  of  hydro 
add  itself  we  have  the  formula  (I.),  while  in  the  i 
isohydromellitic  acid  the  substance  has  the  configuretifl 
(U.):~ 
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COOH  COOH 
(I.)       I      I 

c c 

COOh''  I      I  \  COOH 
'"\   COOH  COOH/ I 


(II.) 


I       I 

H     H 
COOH  COOH 

i i 


I  \  COOH  COOH  I 
(a.COOKl      \y     H 

C c 

I       I 

H     H 

In  the  case  of  (I.)  there  would  be  very  little  chance  of  the 
alcohol  molecules  approaching  any  single  carboxyl  group,  as 
the  vibrations  of  the  two  neighbouring  carboxyls  would  tend 
to  drive  them  away ;  but  in  the  case  of  (II.),  one  of  the  car- 
boxyl radicals,  (a),  being  on  the  side  of  the  ring  opposite  to 
the  rest,  is  free  from  this  hindering  influence,  and  would 
therefore  be  capable  of  esterification. 

3.  Aromatic  Acids. — In  this  series  of  compounds  the  effect 
^^  spacial  influences  upon  the  course  of  the  esterification  process 
•^  been  studied  much  more  fully  than  in  the  analogous  case 
^^  the  aliphatic  series ;  and  it  may  be  said  that  the  behaviour 
^*  the  substituted  benzoic  acids  furnishes  the  most  conclusive 
^^Hionstration  of  the  correctness  of  the  hypothesis  of  steric 
hindrance.  Tbe  greatest  worker  in  this  field  has  been  the 
*te  Victor  Meyer,*  who  first  observed  the  phenomenon  in  the 
"^^nzoic  acid  series. 


'  K  Meyer,  B^.,  27,  S'o  (iSy4) ;  28,  182,  1254,  179&,   Vill,  ^\S1 
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It  was  shown  by  him  that  when  a  carboxyl  group  lay  ini 
the  benzene  ring  between  two  ortho-substituents  : — 


X 


COOH 


X 


V 


its  volocity  of  esterification  under  certain  conditions  was  veiy 
considerably  diminished.  For  instance,  if  benzoic  acid  or  any 
homologue  which  is  not  of  the  above  structure  be  dissolved 
in  methyl  alcohol,  cooled  with  water,  saturated  with  hydro- 
cliloric  acid  gas,  and  allowed  to  stand  for  twelve  hours  at  the 
same  temi)erature,  about  90  per  cent,  of  ester  is  formed.  The 
same  result  is  obtained  if  the  acid  be  heated  for  three  hours 
under  a  rctiux  condenser  with  a  3  per  cent,  solution  of  hydro- 
chloric acid  gas  in  methyl  alcohol.  But  if,  on  the  other  haird, 
the  same  experiment  be  tried  with  a  diortho-substituletJ 
benzoic  acid,  such  as  : 

COOH  COOH 


CH;/^ 


COOH 


CH 


/. 


\\ 


Br 


// 


XV^ 


y 


Br 


"\/ 


the  acid  is  very  slightly  esterified.  Even  when  only  one 
ortho-substituent  is  present  this  hindering  influence  is  notice- 
;ible.  Krom  those  and  many  similar  cases,  Victor  Meyer 
deduced  what  has  since  been  known  as  his  Esterification  /(W, 
which  is  enunciated  as  follows  :  **  When  in  any  substitutd 
benzoic  acid  the  tivo  hy  it  rotten  atoms  in  the  ortho-f^ositions  if 
the  carthKxyl  i;ron/>  are  replacid  by  atoms  or  radicals  such  di 
chlorine^  bromine^  methyl^  or  cartwxyty  an  acid  is  produced  which 

(1805)  ;  29,  851,  1599,  1401  (iS«)6)  ;  Zeit.  physikal,  rA^w.,84,  219  (1897): 
V.  Mcvti  and  SiullM)ioui;h.  AV/.,  27,  1580,  3146  (1894);  van  Loon  ami 
\'.  A/cycr,  //'/./..  29,  Sy)  <.\>>^^  \  ^  •  ^^^^^^  ^wvWSvMttt,  IbU,^  89,  2569 
xS^jd)  ;   V.  Meyer  aiu\  MoU.,  Ibid^V^.  \^Tl  V^'^>^^ 


t  eslerijied  by  means  of  hydrochloric  add  and  akokol  only  i 
^■att  difficulty" 
e    musl   now  deal   with    the   material    which    has    been  ( 
lul.itcd  by  various  workers  on  this  branch  of  the  subject ; 
1  order  to  facilitate  the  exposition  we  shall  arrange  the 
r  under  three  heads — mono-basic  acids,  di-basic  acids, 
olybasic  acids. 

lie  first  series  of  acids  with  which  we  need  ( 
are  the  mono-methyl  substituted  benzoic  acids.  Victor 
r  and  ICellas '  made  a  very  full  examination  of  the  velocity 
^rilication  in  the  case  of  these  acids,  using  the  following 
kI.  Half  a  grumme  of  the  acid  was  dissolved  in  fifty 
DCS  of  freshly  distilled  methyl  alcohol  containing  two  per 
of  hydrochloric  acid  ;  the  mixture  was  kept  for  two  hours 
:iermos(at  at  a  given  temperature,  after  which  the  amount 
er  formed  was  estimated.  Tbe  table  below  gives  the 
i  which  were  thus  obtained  ; — 


\cid. 

Temp.o" 

■J° 

3'° 

40= 

ji" 

c     .' 

8'4 

3I'S 

^■4 

39' 

593 
87- 1 
S9-4 

S-1 

lalogous  results  were  obtained  by  Goldschmidt  '  and 
M^n.'  It  was  shown  in  the  case  of  the  aliphatic  acids 
be  esteritication  constant  had  no  ajiparent  connection 
tie  dissociation  constant  of  the  acid  emjiloyed  ;  and  the 
holds  good  in  the  aromatic  series  also,  as  can  lie  seen  by 
Lrii]g  the  dissociation  constants  of  these  four  acids  with 
regoing  figur 


\.  Meyer  and  Kelb^,  Zta.  phyjikat  CHem  ,  24,  i\ 
thioidi,  /f,-r..  as,  ssiH  (1K95). 

Mm'AW.  C/iim.,  16,  jSs  US'ijV 
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The  influence  o(  the  methyl  group  in  the  orlho-|M)siiii)n 
very  strongly  tnarktd  in  comparison  with  the  eflii-ct  o(  I 
same  group  in  either  the  meta-  or  paraposition.  AVe  m 
now  compare  these  results  with  some  obtained  when  oil 
substiluents  are  used  instead  of  methyl  radicals,  as  in  tl 
way  it  should  be  possible  to  gain  some  inaght  into  the  cai 
of  ttie  hindrance.  The  following  table  is  taken  from  the  « 
of  Victor  Meyer  and  Kellas  i — 


Temp. 


I 


lodobcmcdc  o- 

"        P- 

Nitrobenioii:  «- 

Hydioxybenzoi 


17= 


-  Itp 

-  IID 

-  |SI3 


When  we  examine  the  above  figures  in  detail,  wc  find  tli 
from  them  we  may  draw  the  following  conclusions.  In  the  OM 
of  ortho-substituents,  the  effects  increase  in  the  order— cMoritM 
or  methyl,  bromine,  iodine,  and  the  nitro-group.  It  is  obn 
that  if  we  are  to  consider  the  elTect  of  spacial  influencc^l 
must  choose  the  ortho-substitueiit  as  the  test  case,  for  it  b 
be  supposed  to  lie  nearer  to  the  carboxyl  group  than  either  lb 
meta-  or  the  para-substituent  does.  Further,  if  we  adopt  A 
steric  view,  it  is  clear  that  Ihf  weight  of  the  substituent  wHi  i 
flucnce  the  reaction ;  as  was  pointed  out  in  the  introducio 
section,  if  the  alcohol  molecule  can  be  driven  back  betbte 
has  time  to  react  with  the  carboxyl  radical,  no  ester  will  b 
formed ;  and  if  the  inertia  of  [he  substituents  in  the  neighbo 
hood  of  the  carboxyl  group  is  iijteat,  this  expulsion  of  1 
alcohol  molecule  is  l\kc\v  lo  ^je- 1:1 


-^ 
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if  they  were  light  radicals,  which  could  ])c  t'asily  pushed 

ide.     Now,  to  test  this,  wc  have  only  to  <:onii)are  the  rela- 

between  the  atomic  weights  of  the  atoms  in  the  ortho- 

ition  to  the  carboxyl  with  their  actions  upon  the  esterification 

Writing  the  substituents  in  the  order  ascertained  from 

table,  and  putting  under  each  the  relative  weight  of  the 

ibstituting  group,*  we  obtain  the  following  : — 

CH3         CI  Br         I  NO, 

"8  35'5         80         127         46 

"Thus  the  only  result  which  does  not  agree  with  the  steric  view 
as  that  obtained  with  nitro-benzoic  acid.  Now,  it  has  been 
ahown  by  Baly  and  Collie '  that  the  introduction  of  the  nitro- 
Sroup  into  the  ring  brings  about  a  complete  change  in  the  vibra- 
^n  of  the  benzene  molecule :  so,  if  the  results  obtained  in 
the  case  of  the  halogens  can  be  supported  by  other  evidence, 
'^e  should  be  justified  in  laying  comparatively  little  stress  on 
the  anomalous  behaviour  of  the  nitro-compounds.  We  must 
>K>w  show  how  this  new  evidence  was  obtained. 

The  strongest  objection  which  can  be  brought  against  the 
*teric  view  of  these  hindrances  lies  in  the  fact  that  they  may 
be  supposed  to  be  due  to  the  purely  chemical  influences 
brought  into  play  by  the  presence  of  the  halogen  atoms  in 
^he  ortho- position  to  the  carboxyl  giimp.  If  we  can  show 
^hat  a  strongly  electro-negative  group  of  light  atomic  weight 
Exerts  less  hindering  influence  than  a  weaker  electro-negative 
Kroup  of  heavier  weight,  it  will  be  almost  certain  proof  that  the 
*teric  factor  in  the  question  outweighs  the  purely  chemical  one. 
1*he  problem  was  approached  by  van  Loon  and  Victor  Meyer  - 
iti  the  following  way.  It  was  known  that  diortho-substituted 
*cids  diflfered  very  much  in  their  velocity  of  esterificati(.)n  ;  for 
^hen  a  stream  of  hydrochloric  acid  gas  is  led  into  a  boiling 
alcoholic  solution  of  a  dimethyl-benzoic  acid  of  this  tyi)e,  it  is 
Almost  completely  esteritied  in  a  short  time  ;  whereas,  under 

*  Of  course,  this  is  merely  a  ruii^^h  mcth«Kl  tor  the  sake  of  illu:>lr:ition. 
Xhe  atomic  volames  are  also  factors  in  the  problem. 

*  Baly  and  Collie,  Trans.,  87,  IJ.;2  (1905). 

'  run  Loon  aad  V.  Meyer,  /fir.,  89,  839  (1 896). 
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the  same  conditions,  a  dinitro-,  dibromo-,  or  dichloto-2 
hardly  esterified  at  all.  Fluorine  being  more  strongly  e 
negative  than  chlorine,  while  having  a  lower  atomic  wd 
was  chosen  for  a  test  subsUnce.  It  was  found  ths 
behaviour  of  diortho-nitro-fluoro-benzoic  acid,  (I.),  sho' 
closer  resemblance  to  that  of  diortho-methyl-nitro-be 
acid,  (II.),  than  to  that  of  diortho-bromo-nitro-  or  diortho 
nitro-benzoic  acid,  (III.)  and  (IV.)  :— 

COOH  COOH 


NO, 


NO, 


CH, 


NO. 


(I.) 
COOH 

Br 


V 


(11) 

COOH 

No„r\i 


V 


(III.)  (IV.) 

Thus   It   api)ears   a   probable   deduction   that  the  sj 
influence    overpowers   the    chemical    influence    in    this 
for   if    it   did   not  we   should   expect    to   find    the    flu 
compound  ranging  itself  along  with   those   of  bromine 
iodine,  to  which  it  has  a  close  chemical  likeness. 

It  is  unnecessary  to  enter  into  a  description  of  ever) 
which  has  been  observed,  as  many  of  them  have  no 
tiieoretical   importance.     Reference  may  be  made  to  { 
by    Hcilstcin    and    Kuhlberg,*    Salkowsky,^   Kretzer,'   G 
and  Ciourcvitz,*  Jakobseii  ^  and  Cohen.** 

'  licilstt'in  and  Kulilhert;,  AnnaU'Hy  158,  237  (1869). 

-  Salkowsky,  /inJ.,  163.  32  (1S72). 

^  Krclzcr,  Bcr,,  30,  1946  (1897). 

*  (iraebe  and  Gourevitz,  y/;/</.,  33,  2025  (1900). 

^  Jako\>sen,  lbid..%%,  \22\  Vv^'^^N- 

**  Cohen,  Trans.,V6,\i:^T^\y'^\' 
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We  may  examine  the  cases  of  those  substituent  groups 
hich  we  have  hitherto  left  undescribed.  First  among  these 
.  the  hydroxyl  radical. 


CH, 


COOH 


OH 


C.H, 


COOH 


V 


(I-) 


OH 


CH 


COOH 


V 


(II.) 


'<:^ 


CH, 


N^ 


CH, 
(HI.) 


The  cases  of  thymotic  acid,  (I.),  and  ortho-phenylsalicylic 
Lcid,  (II.),  have  been  dealt  with  by  Victor  Meyer  and  Sud- 
Jorough,'  who  found  the  following  results.  The  results  for 
nesitylenic  acid,  (III.),  obtained  under  the  same  conditions 
heating  on  a  water-bath  for  five  hours),  are  given  for  the  sake 
'f  comparison  : — 


Acid. 


*h>Tnotic  (I.)    .     . 
•^'hcnylsalicylic  (II.) 
Nesitylenic  (III.)  . 


Per  cent,  ester  formed. 


233 

76-5 

645 


It  is  evident  that  the  hydroxyl  group  does  not  exert  a  very 
Powerful  hindering  influence ;  though  it  seems  much  stronger 
han  methyl,  for,  under  these  conditions,  acids  of  the  type  : — 


R 


R< 


\ 


COOH 


R 


where  R  is  CI,  Br,  or  NOo)  give  no  ester  at  all. 


*  V.  Meyer  and  Sudborough,  Bcr.,  27,  1580  (1894)  :  V.  Meyer,  Ibi<L^ 
18,  182,  1262(1895). 
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The  influence  of  the  amido  group  appears  to  be  stroin;.  k 
Kahn  '  found  that  j-nitroft-amidobeniene-i-carboxylic  a 


NO, 

could  not  be  eslerified  by  an  alcoholic  hydrochloric 
solution.  'I'his  may,  however,  be  due  to  the  chemical  ru 
of  the  amido  radical. 

The  second  ben/ene  ring  in  the  naphthalene  compound 
appears  to  exert  a  hindering  influence  on  the  esieiificaba 
process  of  some  acids. 


COOH  COOH 


HO, 
COOH  I 


(II-) 


(in.) 


I''or  instance,  Victor  Meyer  and  Sudborough  ■  showed  that 
percentage  amounts  of  methyl  ester  formed  in  eight  houts  Iv 
salicylic  acid,  (I.),  ^-hydroxy-a-naphthoic,  (11,).  and  fl-hydtoif 
/3-naphthoic  acid,  (III.),   for  various   temperatures   w 
follows  : — 


Salicylic  (I,) 

fl-Hydri.x)f-o-n»phlhoie  (11.)     . 
S-Myclrojy-fl-niiphthoic(nt.)   . 


90%  at  ordinal;  tcmpetatuia  ' 


In  the  following  cases,"  (1),  (S),  and  (3)  form  no  otez  u 

'  Knhn,  Ba:,  M,  J864  (1901). 

:   \\  Mey»;iild  Smilwiroogh.  IHd.,  27,  ti;8o  (1894) ;  V.  Meycf,  , 
2B.  \%i  <iS95). 

'  V',  Meyer,  /*«.,».  rtI^\&qS^■ 
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faile  the  isomeric  acids  (1a),  (2a),  and  (3a)  give  a  90  per 
ant.  yield  under  the  same  conditions : — 


(1) 

COOH 

/3-Chloro-a- naphthoic  acid. 

(2) 
COOH 

KKA/ 

y- Anthracene  carboxylic  acid. 

(3) 
COOH 


(lA) 


/^AcOOH 

/9-ChIoro-/3-naphthoic  acid. 

(2a) 

COOH 

a-Anthracene  carboxylic  acid. 

(3a) 


/W\      AAA. 


VAAy 

Cl 


7-7-chloro-anthracene 
carboxylic  acid. 


COOH 


Cl 


/3-/3-Chloro-anthracene 
carboxylic  acid. 


In  concluding  the  survey  of  the  aromatic  mono-carboxylic 
cids,  reference  may  be  made  to  the  views  advanced  by  Victor 
leyer.'  According  to  him,  if  the  arrangement  of  atoms  in 
pen-chain  compounds  resembled  that  of  cychc  substances, 
len  acids  of  the  type  : — 

CR, 


r-COOH 

CR:, 


'  V.  Meyer,  Ber.,  28,  188  (1895). 
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should  give  esters  only  with  considerable  difficulty,  sinoe' 
structure  resembles  that  of  the  diortho-substituted  aroo 
acids.  Heyl  and  Victor  Meyer'  examined  the  behavioc 
the  four  acids  shown  below,  but  found  that  in  none  of  t 
was  there  any  hindrance  noticeable : — 


COOH 


COOH-CH       CH.,.  COOH 

Aconitic  acid. 

COOH 


CH 
/      \ 

CflHs      CgHp 

Diphenylacetic  acid. 


COOH 


COOH-CHa      CHs.CO 

Tricarballylic  add. 

COOH 

I 

C— OH 
/  \ 
QH5      QH, 

Benzilic  acid. 


'rriphcnyl-acetic  acid,  however,  gave  only  twenty  per  cer 
ester  under  conditions  which  gave  quantitative  yields  wit 
other  acids : — 

C...H.\ 

CeH:-C-COOH 

c«Hr 

It  seems  clear  that  the  configurations  of  the  aliphatic 
aromatic  substances  are  not  similar,  but  too  much  stress 
not  be  laid  upon  an  incomi)lete  proof  of  this  type.  It  ca 
seen  by  comparison  that  not  one  of  the  above  formulae  < 
possibly  the  exception  of  triphenyl-acetic  acid)  resemblei 
trut'  aromatic  type  : — 

COOH 


R~ 


c    \:-R 


R,      R, 


*  Uev\aT\c\V.N\cNCT,  H.r.,^,iv»^vV^V 
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ci  which  no  hydrogen  atoms  are  attached  to  the  three  carbon 
ttoms  of  the  ring. 

Passing  now  to  the  series  of  aromatic  dicarboxylic  acids, 
^e  find  that  similar  influences  seem  to  govern  their  esterifica- 
^ion.  In  the  first  place,  we  shall  deal  with  those  acids  which 
t^ve  not  two  carboxyl  groups  in  the  ortho-position  to  one 
Another. 

It  has  been  shown  by  Victor  Meyer  ^  and  Rupp  ^  that  the 
following  acids,  when  heated  with  an  alcoholic  3  per  cent, 
^lution  of  hydrochloric  acid,  give  no  esters  : — 

Tetrachloro-terephthalic  acid, 
Tetrabromo-terephthalic  acid, 
Tetra-iodo-terephthalic  acid, 
Tetrachloro-isophthalic  acid, 
Tetrabromo-isophthalic  acid, 
Tetra-iodo-isophthalic  acid. 

That  is  to  say,  that  acids  of  type  (I.)  or  type  (II.)  conform  to 
/'ictor  Meyer's  Esterification  Law  : — 

XX  X  COOH 

COOH        COOH 


When  a  dicarboxylic  acid  has  one  carboxyl  group  situated 
between  two  substituents,  while  the  other  is  free  from  ortho- 
substituents,  the  second  carboxyl  group  is  esterified,  and  an 
acid  ester  is  thus  formed.  For  instance,  Jannasch  and 
VVeiler^  observed  the  following  behaviour  in  the  case  of 
three  acids : — 


»  V.  Meyer,  Ber.,  28,  3197  (1895). 

*  Rupp,  Ibid.,  29,  1625  (1896). 

'Jannasch  and  VVeiicr,  Jdu/.,  28,  531  ^1&9SV 


T.  P.  C. 


33S      STEREOClfEAnSTRY   WITHOUT  ISOMER 

COOH  COOH 

CH,<>  CH./  >CH, 


CHj 


COOH 

Givt 


COOH 


Givts  Ihe  Jicid  esltt. 

Similar  behaviour  has  been  noticed  in  iiitro-tt:rephthalic  ad 
bromo  lerephthalic  acid,  and  hydroxy-terephthalic  acid,*  for 
this  case  the  carboxyl  grouii  marked  with  an  asterisk  is  esleril 
before  the  other  : — 


CH, 

CH, 

cooh/ 

^COOH »  COOH  / 

X 

CH. 

CH. 

COOH 


COOH 


J 


\Vheii  the  two  carboxjl  groups  are  in  the  ortho-position 
one  another,  the  results  Ijcconie  mure  complicated  ;  and 
great  reliance  can  be  laid  upon  them  from  the  stereochem 
point  of  view.  We  may  content  ourselves  with  a  rcviei 
several  cases,  beginning  with  hemipic  acid,  (I.),  which 
been  studied  by  \Vi;gscheider,-''  He  found  that  the  first  i 
|.  stanceformedwastheacidester,  (II.),  whichon  longer  trcatn 
\         was  converted  into  the  neutral  ester,  (III.) : — 

L 


■  W^.scheidet,  Mmialsk.,  31,  631  (1900) ;  23,  405  (1902). 
'  Wcgsthcidci  and  Hilliicr.  Ihid..  21,  63S  (1900I. 
'  WcBSclie'lder.  Md.,  W,  ill  U'^!,\. 
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)CH,  OCH,  UCH, 

]|OCH.  /^UCH,  (^     >iOCH. 

L       JcOOH  L       IcOOR  1 


JlcOOH 

COOH 

ini[Hc  acid. 


COOR 

Acid  «tc(. 
{II.) 


COOR 

Ncutriil  ettci- 
("I.) 


m  ihis  we  might  conclude  that  Victor  Meyer's  Law  held 
the  case  of  the  phthalic  acids  also  ;  since;  in  this  case 
carboxyl  group,  having  only  one  ortho-substituenl,  has  boen 
eked  before  the  second  carboxyl  group  which  lies  between 
substituents. 

IV'hen  we  come  to  the  case  of  3 -nitro phthalic  acid,  how- 
■,  we  find  that  ibis  rule  only  holds  good  under  certain 
Jitions ;  for  McKenzie '  has  shown  that  when  this  acid  is 
rified  with  amyl  alcohol  the  ester  (1)  Is  formed,  while  when 
anhydride  is  used  instead  of  the  acid,  the  ester  produced 
neatest  quantity  has  the  formula  (2)  :— 


NO, 


NO, 


H  3-Niltophthnlii'  c^lci^. 

r      (1)  (2) 

Iraehe'  found  that  when  3,6-dichlorophthalic  acid,  (A), 
allowed  lo  stand  for  twelve  hours  with  alcoholic  hydro- 
ric  acid  it  yielded  an  add  ester,  (B),  which  on  furthor 
ling,  or  even  on  heating,  was  not  converted  to  any  extent 
a  neutral  ester.     I'his  seems  to  point  to  the  possibility  of 
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all   esterified   carboxyl  group   exercising  a  greater  hindtd 
effect  than  a  simple  carboxyl  radical  ;^ 


j,6-Dicliliiio|)!nhnii 
(A) 


The  letrahalogen-Hubstiluted   phihalic  acids '  show  ■ 
behaviour. 

Having  now  reviewed  the  mono-  and  di-carboxylic  aioA 
the  aromatic  series,  we  must  give  a  few  details  concerning 
poly-basic  acids.  As  lias  been  shown  in  the  case  of  the  <M 
phthahc  acids,  the  hindering  effect  oi  the  carboxyl  group  n 
great,  and  we  might  therefore  expect  to  find  some  excqjl 
to  the  esterification  law  in  this  series. 

The  following  tri-carboxylic  acids  have  been  oarab 
trimesic  add,  (I.),  gives  a  neutral  ester;'  hemime 
uciil,  (H.),  gives  a  di-ester  under  ordinary  conditions,' 
only  a  trace  of  neutral  ester  when  heated.'  This  is  airi 
instance  of  the  hindrance  which  alkylated  carboxyl  gt 
offer  to  the  esteri  Scat  ion  of  catboxyls  in  the  ortho-pm 
to  them.  Here  the  influence  seems  to  be  as  strong  as  il 
orllio-substiiuenis  were  bromine  atoms  instead  of  ester  ga 
which  is  quite  different  from  the  behaviour  of  the  non-e&tO 
carboxyl  radical : — 


I    ■■ 


Gracbc,   AHHtUtn,    13S,    327   (1SN7);    V.    MEycr,   Ar„  M^ 
(1895)- 

'  KitEig  ani1   PnRenliach,  Aunaleii,  147,  309  (1S6S)  ;  V.   Mej< 
Sudboraugh,  Her.,  VI,  1590(1894)1  29,  &]o(i»96). 

and  U'onhardi,  An«a!m,  S9D,  317(1896)1  V.  Meyl 
Suil  bo  tough,  Bcr.,  ST.  1590  ;  SB,  840  (1S96}. 

V.  Meyer,  Ba.,  K,  \gpv  UW'V  ■ 
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COOH 


COOH 


COOH 


COOH 


V 


COOH 


COOH 


(I.) 

Trimesic  acid. 


(II.) 


Hemimellitic  acid. 


As  regards  the  tetra-carboxylic  acids,  the  results  from  the 
steric  point  of  view  are  even  more  confusing.  Pyromellitic 
acid,'  (1),  gives  even  in  the  cold  90%  of  ester ;  under  the 
same  conditions,  the  isomeric  prehnitic  acid,'*  (2),  gives  an 
acid  di-ester,  (3),  but  when  this  is  esterified  at  the  boiling- 
point  of  alcohol  it  yields  the  neutral  ester,  (4).  So  that  in 
this  case  the  results  differ  completely  from  those  obtained  with 
the  tri-carboxylic  acids  : — 

(1)  (2) 

COOH 


COOH 
COOH 


V 


COOH 
COOH 


Pyromellitic  acid, 

(3) 
COOR 


COOH 
COOH 


<^ 


COOR 

Prehnitic  di-ester. 


COOH 
^COOH 
COOH 

Prehnitic  acid. 

(4) 
COOR 


COOR 
COOR 


COOR 

Prehnitic  tetra-ester. 


Dinitro-pyromellitic   acid*^   is   extremely  hard  to  esterify,  for 


*  V.  Meyer  and  Sndborough,  Ber.,  29,  840  (iSo^)). 

*  V.  Meyer  nn(\  Sudborough,  Ibid.,  27,  1590  ( 1 894V 
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even  after  being  heated  for  two  days  with  alcohol  and  a 

of  sulphuric  acid  it  forms  merely  a  trace  of  ester.  This, 

is   in   direct  contradiction   to   the   facts   quoted  in  tb 
paragraph. 

NO, 
COOH  ifS  COOH 


COOH 


COOH 


NO, 
Dinitro-p\Toniellitic  acid. 

■ 

Mellitic  acid  ^  itself  does  not  appear  to  form  any  ester. 


COOH 


COOH 


COOH 


COOH 
COOH 


COOH   • 

Mellitic  acid. 

4.  The  Theory  and  Application  of  the  Esterifi 
Law. — In  the  foregoing  pages  we  have  given  an  acco 
the  experimental  results  arrived  at  during  the  past  ten 
and  we  mu.st  now  discuss  the  deductions  which  havt 
drawn  from  this  extensive  material. 

In  the  first  place,  we  may  leave  out  of  account  the  ali 
substances,  as  these  will  he  dealt  with  from  a  different  \y 
view  in  the  section  of  this  chapter  which  deals  with 
Formation.  Under  that  head,  a  very  great  quantity  of  i 
mental  work  has  been  collected  ;  and  from  it  we  can 
more  definite  conclusions  than  can  be  deduced  from  the 
restricted  material  which  we  have  summarised  in  the  f 
section.  We  are  therefore  left  with  the  aromatic  acid 
their  esters. 


*    Wohlei  and  ScYvNvaxi  •.   Annalm,^^  \^. 
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The  problem  which  must  be  dealt  with  first  is  thai  of  the 
elaiive  efTecls  prt>duit-d  by  ihe  same  substituent  when  it  is 
itroJuced  into  the  three  possible  positions  with  regard  lo  the 
artwxyl  mdicaL  As  can  be  seen  TToni  an  inspection  of  the 
ible  on  p.  330,  the  orlho-suhstituent  has  by  far  the  greatest 
iBuence  upon  the  course  of  the  esterification  prow'ss.  This 
'.  of  course,  what  would  lie  anticipated  from  the  steric  hypo- 
lesit  On  the  other  hand,  the  meta-substituent  appears  lo 
avc  less  effect  than  a  similar  radical  in  the  para -posit  ion.  In 
^e  case  of  these  two  types,  therefore,  we  can  gain  but  lillle 
iformation  which  will  be  of  usf  in  the  development  of  stereo- 
hemicai  conceptions;  the  known  close  relation  between  the 
ara-positions  in  ihe  benzene  ring  seems  to  point  to  the  difference 
elween  the  influence  of  substituents  in  the  para-  and  in  ihe 
1  eta- positions  being  due  to  some  chemical  ralher  than  stereo- 
hemical  cause.  If  stereochemical  theories  are  to  be  intro- 
uced  at  all,  it  seems  probable  that  the  views  as  to  the 
ibralions  of  the  benzene  ring  put  forward  by  Baly,  Kdnards, 
nd  Stewart,*  offer  suggestions  as  to  the  lines  along  which  the 
uestion  must  he  approached.  There  seems,  however,  no 
iason  for  insisting  upon  a  stereochemical  explanation. 

We  must  now  examine  ihe  case  of  the  ortho-subslituent  in 
Kier  to  see  if  it  can  be  shoivn  that  the  spacial  factor  in  the 
roblem  is  really  the  preponderant  one.  We  have  already 
roved  by  the  example  of  nitro-fiuoro-ben/oic  acid  that  the 
ereochemical  influence  may  he  greater  than  a  purely  chemical 
ne  ;  but  in  order  to  furnish  conclusive  proof  we  should  show 
lat,  if  the  carhoxyl  group  he  removed  in  space  from  the 
jhere  of  action  of  the  substituents,  it  will  regain  its  original 
apacity  for  ester  formation.  Though  we  cannot  actually 
;move  the  carboxyl  group  further  from  the  benzene  ring  than 
s  normal  distance  without  altering  the  whole  molecule,  slill 
e  can  achieve  a  very  similar  result  by  interpolating  a  methylene 
roup  between  the  ring  and  the  carboxyi  radical.  By  this  means 
c  are  able  to  project  the  carhoxyl  beyond  the  range  of  the 
indering  influence  of  the  suhstiluenta.     When  this  is  done,  we 

•  5m  Chapter  V.  of  this  Section. 
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should  expect  a  marked  rise  in  the  amount  of  ester  fbnnedbf] 
the  new  compound  when  compared  with  the  original  one.  T1ii{ 
has  actually  been  found  to  be  the  case,  as  the  following  figmttj 
show : — 

CH3  CHj 


CH,/        ycooH 

Mesityl-formic  acid. 
Ciives  no  ester. 


CH,-C(X)H 


CH, 

Mesityl-acetic  add. 
Gives  96  per  cent,  of  ester. 


COOH 


Tribroinobenzoic  acid. 
Gives  no  ester. 


CHj.COOH 


Tribromophenyl-acelic  acid. 
Gives  98*8  per  cent,  of  ester. 


I'hese  are  not  isolated  examples,  as  many  similar  ones  are 
known.  It  may  he  pointed  out,  however,  that  this  is  not  a 
rigorous  proof  of  the  theory  ;  for  it  is  quite  conceivable  that 
the  difference  in  the  esterification  velocities  is  brought  about 
by  the  changes  in  structure,  and  not  by  changes  in  the  space 
relations  between  the  atoms.  This  question,  in  the  present 
statt*  of  our  knowledge,  must  remain  unsettled. 

Another  method  of  applying  the  same  idea  is  the  following- 
If  we  could  attach  to  the  carboxyl  some  heavy  atom  whose 
mass  would  be  so  great  that  its  collisions  with  the  groups  in  the 
ortho-positions  during  its  vibrations  would  be  sufficient  to  drive 
the  substituents  back,  and  thus  open  a  way  for  the  alkyl 
radical  to  enter,  we  should  expect  to  find  a  very  great  increase 
in  the  rapidity  of  esterification.  Such  an  atom  is  easily  found, 
for  the  silver  atom  has  an  atomic  weight  much  greater  than 
that  of  any  ordinary  substituent  atom  ;  and  it  has,  further,  the 
pro|)erty  of  reacting  easily  with  alkyl  iodides.  If  we  substitute 
the  reaction  between  a  silver  salt  and  an  alkyl  iodide  for  one 
/jehreen  an  a<Mcl  an(\  au  a\eoV\o\,  vie  should  therefore  expect  to 
find  a  verv  marked  increase  '\v\  W\e  >j\e\^  oK  ^-sx^x  T^xo^sjsL'i^ 


actually   proves  to  be  the  case,  for  many  acids  H'hich  i 
nl  otherwise  be  eslerified  can    be  converted   into  iheir  ] 
s  by  means  of  this  method.     This  also,  however,  is  i 
(Orous  proof,  as  will  be  shown   in  the  discussion  of  the  J 
lanism  of  the  reaction  of  esterification  by  nieans  of  hydrc 
ric  acid,  with  which  we  are  about  to  deal, 
''our   chief  hypotheses   have    l>een    put   forward    for   thij  | 
lanism. 

n   the    first    place,   the    esterification    process    may   be  , 
ideied  to  be  an  ordinary  ionic  reaction ;    and    may  be   ' 
osed  lo  take  place  in  accordance  with  the  e(|ualion  : — 
R.COO'  +  H-  +  HO.R,  =  R.COOR,  +  H,0 

is  were  actually  the  case,  the  acid  with  the  greatest  atlinily 
tant  would  react  more  easily  than  its  weaker  analogues  ; 
h,  as  we  have  shown,  has  not  been  observed.  Again, 
s  been  shown  that  the  reaction  between  an  alkyl  iodide 
the  silver  salt  of  an  acid  is  an  ordinary  ionic  one  ;  and  it 

not  appear  lo  be  influenced  by  spacial  conditions  at  all, 
js  been  usual  to  distinguish  between  the  two  reactions 
he  assumption  that  the  silver  salt  reaction  proceeds  in- 
aneously,  while  the  csterificalian  with  hydrochloric  acid 
omparatively  slow  process.     Further,  if  these  two  reactions 

of  a  similar  ty|>e,  they  should  both  yield  the  same  end- 
ucl  when  applied  to  the  same  acid  and  alcoliol.  This  is 
he  case,  as  can  be  seen  from  the  example  of  the  following 
boitylic  acids,  it  is  found  that  when  the  silver  salt 
od  is  used,  and  the  acid  salt  is  employed,  the  carboxyl  (a), 
h  has  the  greater  affinity  constant,  is  the  one  which 
mes  esteritied  ;  while  when  hydrochloric  acid  and  alcohol 
ised.  the  weaker  (j8)  radical  is  attacked  : — 
OCH, 


NO.J 
COOH  (u) 

COOH  ^p> 

;-Nilrophlha\Jc  icv\ 
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COOH  (a) 


"^ 


Br 


COOH  (a) 


OH 


COOH(^)  COOH  08) 

Bromo-terephthalic  acid.  Hydroxy-terephtbalic  add. 

We  may  therefore  fairiy  deduce  that  the  esteii6cation 

is  not  an  ionic  reaction ;  though  it  is  quite  possible  that  iook' 

relations  may  have  a  certain  influence  upon  it 

A  second  view  of  the  mechanism  of  ester  formation  regudi 
it  as  a  reversible  reaction  of  the  type  : — 

X.COOH  +  Y.OH^X.COOY  +  H^O 

On  this  hypothesis,  those  cases  in  which  small  3rields  of  esto 
are  obtained  are  explained  by  supposing  that,  in  presence  of 
water,  the  back  reaction  of  hydrolysis  becomes  practically  equal 
in  velocity  to  the  forward  reaction  of  ester  formation.  Gold- 
Schmidt  *  tested  this  in  the  following  manner.  Symmetrical 
trinitrobenzoic  acid  is  very  hard  to  esterify  by  means  of  alcohol 
and  hydrochloric  acid  ;  it  should  therefore  be  easy  to  hydrolyse 
its  ester  under  the  same  conditions.  Goldschmidt  prepared 
the  ethyl  ester  from  the  silver  salt,  dissolved  it  in  alcoholic 
hydrochloric  acid  to  which  a  little  water  had  been  added,  and 
left  it  in  a  thermostat  at  25°  C.  for  four  weeks.  At  the  end  of 
this  time  the  alcohol  had  all  evaporated ;  and  crystals  remained 
behind,  which,  on  examination,  proved  to  be  merely  the 
original  ester.  No  considerable  hydrolysis  had  taken  pbce. 
It  appears  from  this  that  the  explanation  of  hindrance,  based 
upon  the  rapid  hydrolysis  of  the  ester  as  soon  as  it  is  formed, 
cannot  be  maintained. 

A  third  view  of  csterification  assumes  that  an  anhydride 
is  first  formed,  which  is  then  attacked  by  the  alcohol.    Thus:- 


X.COOH 


X.COOH 


X.CO 

-H,0  \ 

— >        ^O 

X.CO 


+  EtOH 


X.COOEt 


X.COOH 


^  Oo\Asc\\m\Ax,  B«r.^7»,^a\%V\V^^, 


the  series  of  monobasic  acids,  this  process  must  take 
e  between  two  molecules  of  the  acid,  and  it  would  then  be 
eel  to  sleric  hindrance  from  the  accumulation  of  sub- 
.ents  in  the  alkyl  radical  attached  to  the  carboxyl  groiipt. 
his  case,  then,  the  theory  agrees  with  the  facts.  But,  on 
other  hand,  if  we  take  an  aromatic  monobasic  acid,  its 
^dride  formation  would  be  hindered  in  the  same  way  by  a 
'titucnt  in  the  ortho-position  to  the  carbonyl  group ;  but  the 
Auction  of  a  second  carboxyl  group  into  the  ortho-position 
lid  render  anhydride  formation  easier,  if  we  may  judge  from 
ease  with  which  phthalic  acid  forms  an  anhydride.  We 
w,  however,  that  this  is  not  the  case,  but  that  a  carboxyl 
ip  in  the  ortho-position  usually  depresses  ihe  rate  of  ester 
ulion.  This  objection  may  be  evaded  by  postulating  that 
anhydride,  once  formed,  is  preserved  from  attack  by  the 
o-substituenls  ;  but  this  again  implies  the  introduction  of 
c  considerations.  No  conclusion  can  be  arrived  at  on  the 
ition  until  mucb  more  material  has  been  collected.  Kahn  ' 
studied  the  matter  as  far  as  it  concerns  3-nitropblhalic 
:  but  as  this  seems  to  be  an  exceptional  substance,  not 

1  be  deduced  from  his  results. 
L  fourth  explanation,  which  seems  the  most  satisfactory  of 
s  based  upon  the  assumption  that  the  process  of  esterifica- 
takes  place  in  two  phases,  during  the  first  of  which  an 
ibte  intermediate  product  is  formed,  whose  decomposition 
liluies  the  second  phase  : — 


,0H 


,OH 


age  r. 

R.C:0      -1- 

El 

OH      = 

R.C-OH 
^OE, 

lage  11. 

R.L— OH 

= 

R.C:0 
^OEl 

+ 

H,0 

'  Kahn,  Sm-.,  88,  3431  (190a). 


\ 


and  such  a  compound  can  only  be  formed  if  there  be  suliiciat 
free  space  in  the  molecule  to  allow  of  Ihc  entrance  of  I 
molecule  of  alcohol.  If  we  reduce  the  free  s[acc  bj  th 
introduction  of  subslituent  groups,  we  shall  diminish  ih 
possibility  of  ihe  inlemiediate  compound  being  formed,  ai 
thus,  indirertly,  the  possibility  of  ester  formation.  This  hyp 
thesis  has  been  put  forward  at  different  times  by  Uoitj 
Wegscheider,''  and  Angeh.'  It  has  received  expt 
confirmation  to  some  extent  from  the  work  of  H.  v.  Pcchmann 
who  found  that  when  ben/.oic  ester  was  treated  ^ 
melhylate,  it  yielded  a  solid  product,  (I.),  while  meatylei 
carboxylic  methyl  ester  was  unattackcd,  (II.).  The  difTerem 
between  the  two  compounds  may  be  ascribed  to  the  fact  it 
in  (11.)  the  space  necessary  for  the  formation  of  the  s 
p.roduct  is  occupied  by  the  two  methyl  radicals : — 


^  OEt 


(II.)  CH./         ^C:0 
CH, 


OEt 
/ 
O-OMe 

ONa 


i 


Even   if  we  disregard    the  sleric  view,   this    hypothe 

I   Henry,  Jifr.,  10.  1041  (1877), 

'   Wegschcidei,  Mtnalth.,  16.  IJ7  (1^;). 

'  Angtii,  Alii.  K.  Aeuid.  liiK/i,  [5I  t..  S4  dS^*'! 

•  von  Pcehniiinn,  Btr.,  U.  y>i\\%*\ 
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apix^ars  to  be  the  best  one.     For  example,  the  cstciihcatioii 
phenomena  are  explained  on  the  hypothesis  of  the  nascent 

carbonyl    group*   by   the]  formation   of    the    same    addition 

product 

OH 
R.C— OH 


\)Et 

l)ut  space  influences  are  not  utilised,  the  following  conception 
l)€ing  employed  instead.  The  amount  of  ester  formed  depends 
upon  the  amount  of  intermediate  compoimd  formed :  this  is 
self-evident,  for  if  no  intermediate  compound  at  all  were 
produced,  there  could  be  no  ester  formation.  Further,  the 
amount  of  intermediate  product  produced  depends  upon  the 
reactivity  of  the  carbonyl  radical  of  the  carboxyl  group,  for  it 
is  herei  that  the  addition  takes  place.  The  influences  which 
aflect  ester  formation  are  therefore  those  which  aflect  the 
reactivity  of  this  carbonyl  radical ;  and,  as  Stewart  and  Baly 
have  shown,  there  is  no  necessity  to  assume  that  steric 
influences  have  any  great  effect  on  the  process. 

In  closing  this  section,  we  may  give  a  few  instances  of  the 
manner  in  which  the  Esterification  Law  can  be  applied  to 
practical  problems. 

The  chief  application  is  to  be  found  in  the  determination 
of  the  constitutions  of  acids  which  are  otherwise  uncertain. 
We  have  pointed  out  early  in  this  section  that,  in  the  case  of 
an  unsymmetrical  succinic  acid,  the  two  carboxyl  groups  show 
different  capabilities  of  ester  formation  :  a  tertiary  group  being 
much  less  easy  to  esterify  than  a  primary  one.  By  a[)plying 
Blaise's  method  ^  it  is  easy  to  show  whether  a  given  succinic 
acid  is  symmetrically  substituted  or  not,  for  in  the  former  case 
the  fraction  : — 

Amount  of  acid  ester  formed 
Amount  of  neutral  ester  formed 


>  Stewart  and  Baly,  Trans.,  89,  489  (1905). 
=  Blaise,  Ci^wJ^.  refui.,  126,  753  (189SV 
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would  be  less  than  unity,  while  in  the  case  of  die  uiu 
metrically  substituted  acid  it  would  be  greater  than  unity. 
Racine  ^   prepared  a  bromo-toluylic  acid    to    which 
ascribed  the  formula  : — 


Br 


COOH 


CH, 


V 


Victor  Meyer,^  from  an  examination  of  its  rate  of  ester 
tion,  was  able  to  assign  to  it  the  correct  formula  : — 


COOH 
CH, 


Br 


V 


Zinckc  and  Francke  ^  found  that  a  certain  aceto-br 
isophthalic  acid  gave  a  practically  quantitative  yield  of  e 
and  from  the  Esterification  I^w  they  concluded  that  it 

be  : — 


COOH 


COOH 


Matthews  *  synthesised  a  new  trichlorobenzoic  acid 
that  time  the  only  two  trichlorobenzoic  acids  left  unider 
were  those  of  the  formulae  (I.)  and  (II.): — 


•  Racine,  Annahfty  239,  75  (1885). 
«  V.  Meyer,  Bcr.,  28,  187  (1895). 

^  Zincke  and  Francke,  Annalcft^  298,  123  (1896). 

*  Matthews,  Proc.^^S^^x'in  Ky^f^^ 


ce  Matthews'  acid  was  easily  esierified,  he  decided  that 
ausi  have  ihe  constitution  (I.). 

Victor  Meyer  also  applied  the  Esterification  Law  to  the 
rection  of  erroneous  data.  For  example,  Claus  '  stated 
t  1,3,5,6-leiramethyl  benzoic  acid:— 


¥ 


CH,       _CH, 

>COOH 
CH,  CH, 


3  easily  esienfied;  but  Victor  Meyer"'  showed  that  it  gave 
y  one  per  cent,  of  ester  by  the  usual  method;  and  from 
:  he  deduced  that  Claus  had  probably  been  deaUng  not 
h  dorol  carboxylic  acid,  but  with  some  unknown  isomer. 
Another  application  of  the  Esterification  Law  is  to  be 
nd  in  the  case  of  the  separation  of  two  isomeric  substances 
Ti  one  another.  Martz  ■"  found  that  on  nitrating  i^nitro- 
izoic  acid,  all  the  three  possible  dinitrobenzoic  acids  were 
ned,  and  that  the  diorthodinitrobenzoic  acid  : — 


* 


NO, 


^ 


Id  be  separated  from  the  others  by  udlising  the  fact  that 
much  more  difificult  to  esterify  than  the  two  isomeric  acids 

»  Claus,  Str.,  20,  jtoi  (iSS?). 

»  V.  Meyer,  /ii./.,  29.  831  (189(1). 

B.S«e  V.  Meyer  xad  Sudbonagh,  Ibid.,  27,  J147  ^1&q^\. 
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are.  It  is  not  always  salt  to  lay  too  mucli  stress  upon  d 
minations  of  constitution  by  such  means,  however,  i 
they  are  supported  by  other  evidence;  for  Wegscheidci' 
observed  that  papaverinic  acid  :^ 


OCR 


yields  a  considerable  quantity  of  neutral  ester,  which  was 
to  be  expected  if  the  Eslerification  Law  held  good  rigidly. 

It   may   be   pointed    out   thai    the    esterilicalion    raeltw 
employed  by  Marckwald  and  McKenzie"  for  the  resoluliiw  1 
of  ratemic  compounds  depends  upon  a  modification  of  the  | 
esterificalion  law. 


§  l\l.—/nDROLYSJS. 

The  process  of  hydrolysis  may  be  expressed    in  i^L-najl 
terms  by  the  equation  :— 

R.CO.X  +  H,0  =  K.CO.OH  +  X.H 

Id  the  light  of  tbe  facts  which   will   be   dealt    wilh    in   the 
following  section,  it  seems  probable  tliat  the  process,  like  ibsi 


of  esterificalion,  takes  place  in  I 

*o  stages,  on 

of  addition,  ll< 

other  of  decom|H)sition,  as  fotlot 

s:— 

R.C-X 

Stage  I.     R.CO.X        + 

H.(-l       = 

Stage  11.     R.C— X 

R.CO.OH 

+     X.H 

*  Wegscbeiilcr,  Menatsh.,  SS,  369  (tgol), 
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Ihis  ihal  ihe  formation  of  the  large  group  in  the 
^  compound  can  only  occur  if  there  be  a  certain 
I.free  space  around  the  carhonyl  radical,  and  in  those 
re  such  space  is  not  found,  the  hydrolysis  will  not 
e.  Now,  it  has  been  observed  that  in  certain  cases 
does  not  occur,  and  that  in  others  it  takes  place 
liniited  CKtent;  but  in  al!  such  cases  the  number  and 
ii  the  groups  of  atoms  in  the  vicinity  of  the  carbonyl 
d  to  support  the  idea  that  in  these  instances  a  lack 
ace  around  the  carbonyl  group  is  the  cause  of  the 

^5,  Reicher  *  investigated  the  rate  of  hydrolysis  of 
Rers,  and  was  able  to  prove  that  the  velocity  of 
on  depended  partly  upon  the  nature  of  the  acid 
sd  partly  upon  that  of  the  alcoholic  radical.  For 
using  the  acetates  of  various  alcohols  he  found  the 
hydrolysis  constants : — 

Hydrolysis 

Methyl  alcohol     .     .     3'493 

OH Ethyl  alcohol  . 

CHa-OH  ....  I'ropyl  alcohol 

!.CH,OH      .     .     .  Isobutyl  alcohol 

t.CH,.CH.j.OH .     .  Iso-amyl  alcohol  .     .     1-645 

ence  between  isobutyl  and  iso-amyl  alcohol  indicates 
iCcumulation  of  substituents  near  the  hydroxyl  group 
Sering  effect  upon  the  reaction.  The  same  influence 
ble  in  the  case  of  the  acids,  as  is  shown  by  the 
constants  of  the  ethyl  esters  of  the  following  acids : — 


Affinity 
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From  a  comparison  between  the  hydrolysis  conslanU  ami 
affinity  constants  of  the  various  acids,  it  can  be  seen  thai 
affinity  constant  cannot  be  the  preponderating  factor  in  i 
reaction. 

Hjelt '  showed  that  in  the  case  of  the  alkyl-malonic  acidi 
the  ethyl-,  propyl-,  iso-butyl-,  and  ally  1- derivatives  can  be 
hydrolysed  almost  as  easily  as  malonic  ester  itself;  while 
isopropyl-  and  benKyl-malonic  esters  are  much  more  difficult; 
and  the  reaction  goes  very  slowly  indeed  in  the  case  of 
the  dialkylated  esters,  Diallyl -malonic  acid  has  an  affinity 
constant  nine  times  as  great  as  malonic  acid,  yet  its  ester 
five  times  as  difficult  to  saponify.  Hjeli  adopted  BischolTs 
dynamic  hypothesis  to  explain  iJie  results  of  his  investigations. 
In  some  further  researches  on  the  tribasic  acids  ■■"  he  found 
that  the  group  : — 

C 
I 
C— C— COOEt 


produced  effects  similar  to  that  found  in  the  malonic  series. 

Sudborough  and  Feilmann  '  carried  out  a  series  of  investi- 
gations on  the  hydrolysis  of  esters,  and  came  to  the  conclusion 
that  two  factors  were  concerned  in  the  reaction;  (i)  the  con- 
figuration of  the  acid,  or,  in  other  words,  the  presence  o( 
substituted  groups  situated  close  to  the  carboxyl  group ;  and 
(a)  the  strength  of  the  acid,  determined  by  its  affinity  constanL 
In  most  cases  the  first  factor  is  the  more  prominent,  and 
obscures  to  a  large  extent  the  influence  of  the  second ;  bu! 
when  the  strength  of  an  acid  has  been  greatly  increased  by  the 
chemical  action  of  substituents,  the  second  factor  becomes  moK 
promineni,  and  conceals  the  influence  of  the  configuration. 

Bischoff  and  Hedenslrom*  have  studied  the  hydrolysis  nl 

■  Hjell,  ^n-.,  BB,  iio(lS.j6). 

'  Hjell,  ibid.,  2B,  1867  (1896). 

'  Sudborough  and  Feilmnnn,  A-.v.,  13,  241  (1S97I. 

'  BischolT  Bi»i\  von  l\eieosW««\,  ller.,^,  ifL»)\(,\.^iaA\. 
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-  and  benityl-esters  of  dibasic  adds.     Their  coiicluf 
in  general  the  same  as  those  given  above,  though  many  I 

jularities  were  found  in  the  course  of  the  work. 

In  the  section  upon  esterification  it  was  pointed  out  that 

n    camphoric   acid   was    ester i lied    by    means    of   alcohol 
hydrochloric    acid    the    secondary   carboxyl   group    «as 

rified  before  the  tertiary  one,  (I.).     The    same  is  found 

3e  the  case  when  the  di-ester  is  hydroiysed,  for  in  this  case 
tertiary  carboxyl  is  harder  to  free  from  its  ethyl  group, 

).     Similar  results  are  found  with  homocamphoric  acid  : — 

^CH-COOH  ^^CH-COOC.H,         -.CH-COOU.H, 

=f ^  \         ^<  \         f.    \ 

qCH,),— ►  C(CH,|,— -  C(CH,i, 


Ctf^,\ 


CHp  coon 


CH,  COOCjHj, 


CH-CGOEI 

\ 


CH,  / 


^CH-COOH 

\ 

CICH3I, 


r\  ^■\  >\ 

OHj   COOC,Hi  CHj  COOC.a,  CH,  ^COOH 


Anschiitz'  observed  a  similar  case  in  the  unsaturated  acids, 
when  mesaconic  acid  is  esteriSed  it  yields  the  ester  (I), 

ile  if  the  di-ester  be  partially  hydroiysed,  the  product  is  the 

meric  mono-esler  (II,):  — 


^ 


CH,.C.COOH 


CH,.C.COnR 

II         (11.) 

H.C.COOH 


In  the  case  of  the  hydrolysis  of  aromatic  esters,  the  most 
nplete  data  are  to  be  found  in  papers  by  Victor  Meyer  and 


■  ^jiKiiuii,  £tr.,  80,  265a  UHlV 
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Kellas,*  the  principal  results  of  which  are  given  in  the 
below  : — 


I. 

11. 

22*35 

in. 

IV. 

Benzoic  acid 

74'2o 

13-95 

17*47 

1 

<?-Toluic  acid     . 

13-82 

I  98 

2*44 

574  1 

//7-         ff             )«       .        • 

— 





646   1 

P'          »f             >»       •        • 

8-28 

— 

— 

6-23   1 

<>-Chlorol>enw)ic  acid 

88-39 

— 

15-70 

13*69 

— 

m-         ,,          „ 

27*56 

— 

p-          »«          i« 

25-84 

16-56 

— 

— 

^-Bromobenzoic  acid 

— 

10-58 

— 

fn-         .t          )i 

— 

24-45 

— 

— 

P'          »»          »» 

26-14 

16-80 

— 

— 

^-lodobenzoic  acid 

64-24 

— 

7*23 

— 

m-                     yt                     )) 

— 

— 

/*"           >»          f»      • 

— 

2637 

— 

— 

^-Nitrobenzoic  acid 

9662 

44'43 

29-9 

— 

w-          ,,          ,, 

94-84 

85-17 

— 

P'                        >»                      !♦            • 

94*45 

90-97 

Of  the  above  figures,  which  represent  the  amounts  of  ester 
hydrolysed,  those  in  each  of  the  vertical  columns  I.,  II.,  HU 
IV.,  and  V.  were  obtained  under  the  same  conditions,  and  are 
therefore  comparable  with  one  another.  From  the  table  it 
will  be  seen  that  a  methyl  group  in  the  meta-  or  para-position 
hinders  the  reaction,  while  chlorine,  bromine,  iodine,  and  th( 
nitro-group  accelerate  it.  The  methyl  group  exerts  most  eifcc 
in  the  ortho-position,  as  was  to  be  expected,  if  the  influenc 
were  stereochemical. 

In  the  naphthalene  series  the  carbon  atoms  of  the  secon 
benzene  ring  can  play  the  part  of  an  ortho-sub stituent  in  th 
case  of  a-carboxylic  acids.  This  is  shown  by  the  foUowin 
results  of  Victor  Meyer  ^  : — 


•  V.  Meyer  and  Kellas,  y?rr.,  28,  1258  (1895) »  ZeU,  physikal.  Chn 
$4,243(1897). 

»  V.  Meyer,  jBct.,2»,  1262  ^\%^S^- 
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COOEt  COOMe 

iCl  f     Y     ^OH 


(III.) 


(IV.) 


der  like  conditions,  compounds  (I.)  and  (II.)  gave  very  small 
mtilies  of  acid,  while  (III.)  was  hydrolysed  lo  the  extent  of 
per  cent.,  and  {IV. )  to  71  pt;r  cent. 

Even  a  second  carboxyl  group  may  exercise  a  hindering 
uence  upon  the  hydrolysis  of  an  ester.  The  following 
■nulfc  '  show  the  results  of  hydrolysing  one  yroup  in  a  dicar- 
tylic  acid,  the  one  marked  wiili  an  asterisk  hcing  that  which 
Irolyses  first : — 

COOEt 


COOEi 


COOEt 


0: 


ebeidet  tad  others,  MatiatiA.,  Ifl,  75  (1*95)  1  *V,  1%1  V\SK«"l ". 


I 


I 
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COOEt 


JOCH, 


COOEt 


OCH, 


COOEt 


C.  A.  Bischoff  and  A.  von  Hedtiistrom  '  have  made  in 
exliauslive  examination  of  the  velocities  of  hydrolysi: 
cases  of  aryl-  and  benzyl-esters  of  dihasic  acids.  Th«r  tablo 
of  results  cannot  be  reprinted  here,  but  should  be  consulted  in 
I  he  original  paper. 

On  treatment  with  water,  acid  chlorides  are  converted  i 
the  corresponding  acid,  hydrochloric  acid  being  eliminated 

R.CO.Cl  +  H^O  -  R.C0.OH  +  HCI 

But  in  the  case  of  certain  aromatic  acids,  this  reaction  may 
be  hindered  or  even  prevented  by  the  presence  of  ortho- 
substituents  in  the  molecule.  The  tirst  observation  on  the 
point  was  made  by  Victor  Meyer,''  who  found  that  3,4,6-triniin>- 
benzoyl  chloride  was  hardly  changed  even  after  beii^  boiled 
with  water  for  an  hour  ;  the  chloride  of  2,4,6-lrichIoro-bai/oic 
acid  is  even  more  stable.  Sudborough'  investigated  Ibt 
(juestion  thoroughly,  using  the  following  compounds :  o-,  «e-, 
and  /-bromoben^oyl  chloride;  2,4-,  3,5-,  and  z-6-dibroiiio- 
bcn/.oylchloridt; ;  3,4,5-,  and  i,4,6-tribromobeuiOyl  chloride 
*,3i4i6-tetrabromobenzOyl  chloride.  His  experiments  showd 
(i)  that  acid  chlorides  which  do  not  contain  bromine  atoms 
in  the  ortho-posilions  are  readily  deconi[xtsed  by  sodiun 
hydrate  solution  (jo  cc.  oF  an  8  per  cent,  solution  to 
o'5  grammes  of  the  acid  chloride)  in  most  cases  before  fiie 
solution  begins  to  boil ;    in  no  case  does  the  decoinposi 

**■  3S9.  393  1'90") :  McKeniie,  Trans.,  79.  1135  (i^oO  J  GiaeLe  nd 
Leonhaidl.  Annaln,  SM,  215  {lSg6}. 

'  lluchofTand  von  ItedcDSlmm,  Uir.,  31,  4094  (19OZ). 

»  V.  Mey«,  ibid..  BT,  3153  {1S94). 
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ri.-<]uire  mum  than  ten  seconds'  boiling;  (2)  that  tliose  add 
chlorides  which  are  substituted  by  one  bromine  atom  in  thu 
'  ortho-position  are  somewhat  more  stable,  and  are  only 
completely  decomposed  after  boiling  for  two  to  three  minutes 
with  alkali ;  (3)  acid  chlorides  having  two  bromine  atoms  in 
the  ortho-position  are  extremely  stable.  Liitjens '  found  that 
the  dichloride  of  tetra-iodo-terephthalic  acid  was  so  stable  that 
it  was  almost  unaffected  by  heating  with  water  for  several  hours 
at  iso'C.  It  is  probable  that  the  conversion  of  the  acid 
chloride  into  the  acid  takes  place  through  an  intermediate 
product  as  shown  in  the  scheme  below ;  and  that  in  the  case 
of  ortho-sub sti luted  acid  chlorides  there  is  not  sufficient  space 
available  to  allow  the  formation  of  the  intermediate  substance. 


O 


^OH 


,0H 


Under  certain  conditions,  nitriles  have  the  faculty  of  adding 
on  first  one  molecule  of  water  and  then  a  second  : — 

R.C:N  +  H,0  =  R.CO.NH, 

R.CO-NHj  +  H,jO  =  R.  CO.ONH, 

Merz  and  Weith'  were  the  first  to  notice  abnormalities  in  the 
behaviour  of  certain  nitriles :  they  found  that  the  ordinary 
methods  did  not  suffice  to  convert  percblorbeniionitrile,  hexa- 
chlor-a-naphthonitrile,  or  perbrombenzonitrile  into  the  corre- 
sponding acid.  Even  after  being  heated  to  ioo°  C,  with  a 
solution  of  hydrochloric  acid  in  glacial  acetic  for  twenty  hours 
these  nitriles  were  not  hydrolysed.  Hofmann '  observed  a 
similar  phenomenon  in  the  cases  of  2, 3,4,6- tetram ethyl- ben zo- 
nilrile  and  pentamelhyl-benzonitrile. 

Jacobson  *  having  by  another  method  obtained  the  amide 


LUtjens,  Btr.,  29,  3313  (1896). 
Men  and  Weith,  ibid.,  16.  iSKa  (13S3). 
Hofm]Uui,  ibid.,  17,  1915  (1884). 
"      "      \,i&id.,n.  l3l9(lSS9l. 


36o     STEREOCHEMISTRY   WITHOUT  ISOMERISM 

corresponding  to  pentamethyl-benzonitrile,  showed  that  it  coold 

not  be  converted  into  pentamethyl-benzoic  acid  by  the  usual 

reactions. 

Cain  *  found  that  nitrodurolic  nitrile  was  not  «isily  hydio- 

lysed : — 

CHji  CHj 


It  will  be  noticed  that  in  all  these  cases  the  nitrile  group 
has  on  either  side  of  it  an  ortho-substituent  From  lata 
researches,  especially  those  of  Claus,*  it  appears  that  one 
substituent  in  the  ortho- position  suffices  to  bring  about  a 
considerable  hindrance  to  the  hydrolysis  of  a  nitrile;  while 
two  ortho-substituents  increase  the  difficulty  still  further.  From 
this  it  has  been  deduced  that  the  obstruction  is  due  to  the 
space  relations  of  the  groups.  It  is  evident  that  when  a  nitrile 
group  is  transformed  into  an  amido  group  and  this  in  turn  into 
a  carboxyl  radical,  a  more  bulky  group  is  being  formed  in  each 
case.  Now,  the  space  around  the  nitrile  radical  is  limited  by 
the  presence  of  the  two  groups  in  the  ortho-position,  which  take 
up  a  certain  amount  of  room,  and  in  some  cases  it  must  be 
supposed  that  there  is  not  sufficient  space  available  to  allow  of 
the  extra  atoms  entering  the  molecule. 

'I'he  same  phenomena  are  found  in  some  cases  in  the  fatty 
series.  For  instance,  Pschorr  and  VVolfes '  noticed  tliat  acid 
hydrolysing  agents  had  no  effect  upon  a-phenyl-^-nitrocinnamic 
nitrile,  (I.),  a-/ nitrophenyl-(;-nitrocinnamic  nitrile,  (II.),  or 
a-/-methoxyphenyl-i7-nitrocinnamic  nitrile,  (III.):  — 

(I.)  (II.) 

{o)  NO.,.CflH  — C— H  {o)  NOs-CeH^— C— H 


C«H,-C— CN  ip)  NO.,.CeH  — C— CN 


»  Cain,  Ben,  88,  969  (1895). 
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(ill.) 

{p)  N(),.C,H,— C— H 

{/)  CH,O.C.H,-C— CN 

bile  alcoholic  reagents  also  produced  no  hydrolysis,  but 
istead  gave  rise  to  considerable  changes  in  the  constitutions 
r  the  substances. 

As  mentioned  above,  amides  have  the  property  of  adding 
ri  one  molecule  or  water  to  form  the  ammonium  salts  of  acids. 
'his  reaction,  being  the  second  lialf  of  the  hydrolysis  of  nitriles, 
liable  lo  the  same  hindrances  as  were  noted  in  that  case, 
'he  subject  has  been  studied  by  Claus '  as  well  as  by  Sud- 
orough  '  and  others.  The  results  are  similar  lo  those  found 
»  the  case  of  the  nitriles.  Remsen  and  Reid  ^  have  estimated 
le  constants  of  hydrolysis  for  some  substituted  amides,  and 
lund  the  following  results  :  benzamide  has  a  coefficient 
r  o'ojog. 


Nunc. 

Ortho- 

Meta. 

Para. 

o-ooaao 

00193 

.miilobenittmidc  .... 

0-00178 

0-0198 

ly<Jroxrbet,«mi<l«     . 

vss 

lelhoxybeniamide      .      .      . 

- 

0-0032: 

0-0184 

000106 

Jitrobcniamye     .... 

000054 

00196 

0-0236 

Observations  of  this  class  may  serve  to  decide  questions 
IS    to    the    constitution   of   certain  amides.      For  instance, 


'  Clius,  7.  !-r.   CMm.,  87.  197  (18IS8);   Annalm,  JW5,  364  (1891); 
36,133(1891);  269,  208(1891). 

■  S  ml  borough,    Trans.,   87,    6oi    (1895);    Sudborough,  Jackson,   and 
"./W.,  71,  219(1897). 

4 Reid,  Ai«er.  C**m.  y.,  II,  340  \\y^. 
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Gatiemiann '  synthesised  on   amide   which   had   one  of  0 
following  Tormute  :— 

CONH, 


As   the   actual    compound   could  not  be  hydrolysed,  thi 
seemed  no  reason  to  doubt  that  it  had  the  Tormula  (I.), 
is  no  second  ortho-sub stituent  in  (II,).     It  should  he  m 
thai  the  second  benzene  ring  here  plays  the  same  part  as  i 
group  in  the  ortho- posit  ion  might  be  expected  to  do. 

Remsen  and  Reid  "  found  that  in  the  case  of  some  sulphonj 
mides  the  same  relations  between  substitution  and  hydrulysis 
held  good:  (j-sulphamido-benzoic  acid  cannot  be  hydroly».i! 
by  boiling  with  dilute  sulphuric  add,  white  the  j>ara-isonitr 
yields  easily  to  this  treatment 

A  further  step  was  made  by  Fischer's  discovery  '■'  thai  sub- 
stitution  in    the  a-position  has  analogous  effects  in  the  fatty 
series.      For  instance,  the  amounts  of  amide   hydrolysed 
equal  times  are  shown  for  scleral  acids  in  the  malonic  series 
the  figures  below  :— 

Malonamide  ......     S9  per  cent. 

Monopropyl-malonamide  -57         >> 
Diethyl- malonamide         ■     ■      3        „ 

IJut,  on  the  other  hand,  in  half  the  lime  no  less  than  fiflT- 
six  per  cent,  of  dimethyl-malonamide  was  hydrolysed. 

Sachs  and  Goldmann '  found  that  while  the  amides  (I.)  an 
(11.)  could  be  easily  hydrolysed,  (III.)  is  rather  difficult,  and,! 


■  GatlermaDD,  AnnaUn,  AM,  7;  (iSSS). 

■  R«iii»«D  and  Reid,  Amer.  Cktm.  J.,  SI,  iSt  (1899). 
'  KUchef,  B(T-,  3a,  851  (1903), 
'  Sachs  and  &o\&iBiiiva,itnd.,M,'^V'<>V.^¥0'V 
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ie  case  of  (IV.),  hydrolysis  could  not  be  brought  about  at 
11:— 


C,H, 


(I) 
C.H,      H 

/  \ 
-NH      CO.NH, 


(11.) 

CH.      H 
\/ 

N      CO.NH, 

CgH, 


(III.) 

QH,      CO.NH, 


(IV.) 

CfiHc      H 
\  / 


CH. 


QH3 


C 

\  /   \ 
N       CO.NH2 


lere  evidently  the   replacement  of  a  hydrogen  atom  by  a 
lethyl  group,  or  of  a  methyl  by  a  phenyl  radical  brings  about 
lessening  of  the  available  space  round  the  amido  group. 

Aromatic  substituted  amides  of  the  type  Ar-NR.CO.R  can 
sually  be  broken  down  by  hydrolysing  agents  into  their 
arent  acid  and  base ;  but  certain  observations  of  Menton  * 
ave  shown  that  this  reaction  may  be  hindered  by  the  presence 
>f  ortho-substituents  in  the  benzene  nucleus.  He  found  that 
leither  acetyl-methyl-orthoxylidine,  (I.),  nor  acetyl-ethyl-ortho- 
ylidine,  (H.)  can  be  easily  broken  down.  If  we  consider  the 
Drmulae  of  these  substances  it  seems  probable  that  space 
clations  play  some  part  in  the  reaction,  though  it  is  not  at 
»resent  possible  to  define  their  action. 


H.C 


'  Menton,  Aftnaiat,  263,  317  \y%i^\\ 
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Autenrieth  and  Hennings  '  have  inifestigated  the  hydrolyiin 
of  disulpliones,  and  find  that  a-,  y,  and  S-disulphonesarenM 
hydrolysable  either  when  the  two  sulpho-groups  belong  loan 
open  chain  or  when  they  are  attached  to  a  ring.  The  ^-disul- 
phones  alone  are  capable  of  being  hydroiysed.  liVhen  tht 
formula;  of  all  these  compounds  are  compared,  it  is  apparod 
that  in  the  case  of  the  ^-compounds  the  groups  X.  are  in  the 
"critical  position"  i:6  to  one  another,  and  thus  the  ase 
appears  to  agree  with  Bischoft''s  Dynamic  Hypothesis. 


SOi-X 

/ 

c-so,-x 

c^o.^x 
c 
c-so,-x 

c-c-so,-x 

\ 

so^x 

c-so,-x 

C-C-SCl,-X 

w 

ifi) 

w 

(!) 

5   IV.      CHAIN  FORMATION. 

The  question  of  the  influence  of  the  space  acrangemenls  d 
atoms  upoci  chain  furmation  has  been  most  carefully  examined, 
Bischoff  alone  having  published  nearly  seventy  papers  on  ibc 
subject.  In  the  present  section  a  summary  will  be  given 
of  the  more  important  parts  of  his  investigations ;  aid  ibc 
researches  of  other  workers  will  also  be  described. 

It  is  obviously  impossible  to  analyse  all  of  Bischoffs 
Studies  in  Chain  Formation^  but  as  he  has  sunimariscd  oosl 
of  his  results  in  four  papers'  (Nos.  VI.,  XXXII.,  XLI.,  and 


■  .\ulentielli  and  Henaing^,  Btr.,  SB,  138S  {191M), 

■  /fir.,  38,1616,2824(1895):  29,966,973,979,981,1176.1380, 
1504,  1514,  1741  (1896);  SO,  4S7,  2303,  2310,  231S.  2464.  3469.  2476, 
2760,  1764,  2709.  297<>,  3169.  3174.  3'78  (1897) :  ai,  2672,  167S,  iSj9. 
2S47.  30'S.  30S5.  3*3^.  3i4>.  3«48  {1898) ;  38,  1748.  :755.  1761, 
1948,  1953  ("899):  38.9=4.  93>.  1^9.  "6'.  1269.  "3S6.  1391, 
1591,1603.1668,1676,  1686  (1900);  34,  1835,  1S44,  20S7,  3135, 
(1901);  87,4341.4350,4356,  4548.  4S56,  4653  (1904);  38.  3830. 
3846.3854  ('906). 

'  Ibid.,^,  9S3  (1896)1  81,  3025  (1898)1  32,  t9S3  (1899):  31 


r 
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I-»I.),  we  may  deal  with  these,  including  in  our  survey,  when 
Tiecessary,  results  from  other  papers. 

In  his  first  researches,  Bischoff  dealt  with  the  alkylation  of 
malonic  and  acetoacetic  esters  by  allowing  their  sodium  deriva- 
tives to  react  with  bromine  derivatives  of  various  alkyl  radicals. 
-As  an  example  of  his  work  we  may  describe  the  case  of  the 
action  of  a-bromo  fatty  esters  upon  the  sodium  derivatives  of 
malonic  and  acetoacetic  ester.  The  reactions  normally  follow 
the  courses  shown  in  the  equations  : — 


COOEt 


COOEt 
Z 


X-C-Na     +   Br-C-COOEt   =    NaBr  +  X-C-C-COOEt 

I 
Y 


COOEt 

COOEt  Z 

I  1 

CH,-CO-C-Na    +  Br-C-COOEt  = 

I  I 

X  Y 


COOEt 


COOEt 
Z 


NaBr   +  CH,-CO-C-C-CO0Et 

I     I 


X  Y 

In  addition  to  using  the  parent  substances,  Bischoff  employed 
the  methyl,  ethyl,  propyl,  iso-propyl,  iso-butyl,  iso-amyl  and 
allyl  derivatives  of  malonic  and  acetoacetic  esters ;  and  with 
these  he  combined  the  a-bromo-derivatives  of  propionic,  butyric, 
iso-butyric  and  iso-valerianic  esters.  His  conclusions  may  be 
Summarised  as  follows : — 

I.  On  the  whole,  it  was  found  that  when  any  given  bromo- 
fatty  ester  was  combined  with  a  certain  derivative  of  aceto- 
acetic ester  the  yield  obtained  was  not  so  good  as  was  produced 
from  the  corresponding  malonic  ester  derivative ;  e^.  if 
u^bromo-propionic  acid  were  combined  with  the  sodium  deri- 
vative of  methyl-acetoacetic  ester  and  wkh  m^>5^^\-\xv3\'Cixvv:. 


ester,  a  greater  proportion  of  the  normal  product  would  k 
formed  in  the  latter  case  than  in  tiie  former,  Bischoff  eipliiw 
this  by  means  of  his  Dynamic  Hypothesis  in  the  fotloirinE 
way.      The    two    reaction    products    in    the   example  given 


01 CH. 
1.1  CO  C 


[,)COOEt 

Acctoacetic  ester  product. 


(II.) 

,)  COOEl 
CH,,„ 

CH,— C— CH— COUEi 

{,)COOEt 
Matonic  eslei  product 


H,-i- 


An  inspection  of  them  shows  that  while  each  of  them  has  three 
carbon  atoms  in  the  1,4-position  to  the  carboxylic  ester  group 
at  the  end  of  the  chain,  (I.),  which  is  the  product  of  the  accto- 
acetic ester  synthesis,  has  in  addition  another  carbon  atom 
the  1,5-position,  which  is  the  critical  position  on  Bischoffs 
nypothesis.  This  extra  carboti  atom  appears  to  be  sufficient 
turn  the  scale  in  favour  of  the  malonic  ester  synthesis. 

II.  As  regards  ease  of  chain  formation,  Bischoff  finds  that 
the  fatty  acid  radicals  are  grouiied  in  the  following  order,  ihost 
which  react  most  easily  being  placed  first ; — 


(!■) 
CH. 

ia- 

CO.OR 

CH. 

I 
CH.— C—      at 


(II.) 
CH,— CH, 

CO.OR 


CH.  CH^CH— CB, 

I  I 

CH— CH,—  CH- 


CO.OR  CO.OR 


A)S« 
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III.  The  malonic  ester  radicals  react  in  the  following  order 
f  ease,  the  most  reactive  being  placed  first : — 


CO 


(I.) 
H 


(II.) 

CH, 


(III.) 
CH2— CHj 


(IV.) 

C  Ha— C  Ha— C  H  x\ 


.CO 


CO-C- 

.co 


.co-c- 

I 

.CO 


.co-c- 


(V.) 
CHq — CH  \  CH2 


CO— c 


(VI.) 
CH2 — CH2 — CH — CH3 

.CO— C— 


CH, 


.CO 

(VII.) 

CH, 

I 
CHa — CH — CHj 

.CO— C— 


1 

.CO 


(VIII.) 
CH, 


H— CH» 


CO— C— 


.CO 


.CO 


IV.  It  appears  that  in  the  case  of  acetoacetic  ester,  the 
mit  of  the  chain  formation  is  reached  with  the  ethyl  derivative, 
s  even  bromo-propionic  ester  does  not  react  with  this  to  any 
xtent. 

In  his  next  series  of  researches,  Bischoff  studied  the  effect 
f  treating  a  mixture  of  malonic  ester  and  bromo-malonic  ester 
ith  sodium  ethylate,  in  the  hope  of  coupling  together  two 
lolecules  of  the  ester  : — 


(I.) 


:H:,o.co 


CH,O.CO    COOCH.. 


COOCH; 

I 

CHa-C-Na  +  Br-CH  should  give     CH^-C CH 

I 

:h,o.co 


COOCH, 


CH,o.co  eooevv. 
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He  found,  however,  llial  instead  of  the  reaction  rolbtiii^  th 
course,  half  of  the  compound  reacted  in  this  way  and  half  ft 
another,  so  that  the  other  two  products  were : — 


(II.) 

CH,O.CO    COOCH 

I         I 

c     c 

(:H:,o.co  CO. 


OCH, 


(III.) 
CH,O.CO 

I 
CH,— CH 

I 
CHjO.CO 


It  is  evident  that  during  [he  course  of  the  second  reaciiod 
the  number  of  substitiients  in  the  r,4-position  has  not  h«i 
so  great  as  it  would  have  been,  had  the  whole  compound  btai 
of  the  formula  (I.).  This  does  not  illustrate  the  Dyns 
Hypothesis,  but  it  is  a  good  example  of  the  effect  of  spM 
influences  upon  the  course  of  reactions. 

In  the  thirteenth  of  his  Studies,  Bischoff  showed  thai  I 
presence  of  elements  other  than  carbon  in  the  chain  did  i 
affect  his  results  to  any  great  extent.  The  reaction  which 
chose  was  that  between  the  di-potassium  derivative  of  iiietl[| 
lene-diethyl-sulphone  and  iodine.  The  normal  reaction  wod 
be  expected  to  take  the  form  : — 

C,H,SO,     K  C,H,.SO,  SO^C.H. 

'  ^C       +  zV,  =   4KI  +  C-/ 

QHsSOa    K  c,H^sof      so,c;h. 

This  would  bring  each  sulphur  atom  into  the  1,5-positiatil 
three  carbon  atoms,  i.e.  twelve  1,5-positions  in  all;  and' 
would  also  bring  four  carbon  atoms  each  into  the  i,6-posid< 
with  respect  to  other  three,  i.e.  twelve  1,6-posilions  in  all,  1 

can  he  seen  in  the  skeleton  formula  below : — 


W 


c — c — /    \ — c — c 

Such  an  accumulation  of  svib'itiV\itw\a  w\  t!t\ese  critical  poati 
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Would  be  most  unlikely  if  the  Dynamic  Hypothesis  held  good ; 
and,  in  point  of  fact,  it  was  shown  that  instead  of  this  com- 
pound being  formed,  the  reaction  took  quite  a  different  course, 
leading  to  a  compound  in  which  there  is  no  possibility  of 
c^ollisions  between  groups  in  the  1,5  and  1,6-positions.  The 
sulphone  potassium  derivative  reacts  with  iodine  thus : — 

CaH^SO,  CaH5.S0, 

\:k^  +  4I,    =    2KI  +  cu 

CsH5.S0a  CaH5.S02 

and  in  the  reaction  product  the  number  of  atoms  in  the  1,5- 
and  x,6-positions  to  each  other  is  no  greater  than  in  the 
original  compound.  It  appears  from  this  that  Bischoff's 
hypothesis  may  be  applied  to  some  cases  in  which  the  chain 
is  not  wholly  composed  of  carbon  atoms.  This  was  confirmed 
by  allowing  the  sodium  derivative  of  malonic  ester  to  react 
with  the  di-iodo-derivative  of  methylene  diethyl-sulphone. 
Instead  of  taking  the  first  course,  which  would  have  involved 
the  formation  of  many  1,5-  and  1,6-substituents,  the  reaction 
followed  the  lines  of  the  second  equation  : — 

a.) 

2(EiO.CO),CHNa  +  (Et.SO,),CIa  = 

(EtO.CO),CH      (SO,.Et) 

2  NaT  +  Y^ 

(EtO.CO),CH      (SO,.Et) 
(11.) 
2(EtO.OC)aCHNa  +  (Et.SO,),CI,  = 

2NaI  +  (EtO.OQaC  :  C(COOEt),  +  CH,(SO,.Et), 

In  his  next  series  of  papers,  Bischoff  investigated  the  course 
of  the  reactions  between  esters  of  a-bromo-fatty  acids  and 
certain  aromatic  bases ;  that  is  to  say,  the  general  reaction  : — 

X  a  X  X     a 

II  I  II 

2NH  +  Br— C— COOEt  =  NH.HBr  +  N— C-COOEt 


Y     b 

T.  P.  C, 


2    ii 
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It  was  found  that  the  experimental  errors  amounted  to  iboot 
five  per  cent,  so  that  any  differences  less  than  this  caoDOt 
be  considered  important.  The  following  table  summarises  the 
results  obtained  : —    • 


1 

a  = 

=  CH, 

a  = 

:CA 

b: 

=  H 

*  = 

:H 

1 

X 

Y 

1 

Per 

120-130*' 
Per  cent. 

100  H 
Per 

Per  art. 

Benzylamine 

cent. 
98 

cent. 

94 

C.H,.CH, 

U 

C.H, 

H 

Aniline  ♦ 

95 

95 

— 

86 

CHj.C.II^ 

H 

M-Toluidine 

94 

— 

87 

CH,.C,H, 

H 

/-Toluidine 

92 

93 

93 

(CH3)«.CflH3 

II 

w-Xylidine 

91 

96 

89 

(CH,)s.N 

H 

Piperidine 

91 

88 

— 

Cl.CflH, 

H 

/-Chloraniline 

92 

— 

— 

- 

C«H, 

an. 

Ethylaniline 

79 

96 

22 

66 

CIl,.C«ll, 

11 

<?-Toluidine  * 

80 

96 

— 

iii 

NCVC.Ua.CKa 

C,1I, 

1,2,4  Nitio- 
toluidine 

71 

88 

— 

^"' 

Cl.CeH, 

II 

(;-Chloraniline 

61 

— 

NO^X-.H^ 

H 

^/•Nitraniline 

59 

87 

— 

NO^.CaH^ 

H 

/-Nitraniline 

5 

80 

— 

CM, 

ClIj.CjHj 

Benzylaniline 

0 

50 

— 

IS 

NO,.CoH,.CH, 

H 

1,2,5    Nitro- 
toluidine 

0 

•       42 

- — 

"^ 

NO^XeH, 

1^ 

(^•nitraniline 

0 

14 

— 

NO,.CeIi3.CH3 

'  H 

1,3,4  Nitro- 

0 

;       7 

— 

— 

1 

tuluidine 

t 

1 

CoH. 

C.H. 

Diphenylamine 

0 

0 

1 

1      "" 
1 

•  Cf.  with  these  results  papers  by  H.  Goldschmidt  and  Wachs,'  and 
H.  Goldschmidt  and  R.  Brauer.* 


In  many  of  these  cases  illustrations  of  the  Dynamic  Hypo- 
thesis can  be  found.  For  instance,  if  we  compare  the  relative 
yields  of  ethyl-  or  benzyl-aniline  with  bromo-propionic  and 
bromo-butyric  ester,  wt  find  the  following : — 


'  Goldschmidt  and  Waclvs,  Zcit.  physikal.  Chem,^  Si.  353  (1897). 
»  Goldschmidt  and  Btauei,  Btr.^V^^  ^  V\SP«\* 
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/o 


I.  Ethylaniline  with     propionic  ester  at  ioo°  gives  79/ 
II.  „  „         butyric  „  „  22% 

III.  Benzyl-aniline  with  propionic  ester  at  130°  gives  50% 

IV.  ,.  ..         butyric  „  „  i"*" 


}} 


» 


Now,  when  we  examine  the  formula  of  the  reaction  product 
in  each  case,  we  find  that  in  Case  I.  we  have  one  carbon  atom 
in  the  1,5-position  to  two  others;  while  in  Case  II.  we  have 
the  methyl  group  (i)  in  the  1,5-position  with  respect  to  the 
oarbon  atom  (5)  and  the  phenyl  group,  and  also  in  the  1,6- 
pK)sition  to  the  methyl  group  (6) ;  further,  the  methyl  group 
(6)  is  in  the  1,5-position  to  the  groups  (2)  and  (4).  Thus,  in 
the  formula  (II.),  we  have  many  more  chances  of  collision 
between  atoms  in  the  critical  positions  than  we  have  in  formula 
0-)>  ^^^  ^c  reason  for  the  comparatively  small  yield  of  (II.) 
is  apparent. 

2  1 

CH-CH, 


COOEt 

1 


6 


CHrCH— N 


(II.) 


3  2  1 

CH-CH,-CH3 


COOEt 

4 


V 


Similar  results  can  be  deduced  from  (III.)  and  (IV.).  In 
(III.)  the  phenyl  group  (5)  is  in  the  1,5-position  to  the  groups 
marked  (i);  while  in  (IV.)  the  phenyl  group  (6)  is  in  the 
1,5-position  to  the  carbon  atom  (2)  and  the  — COOEt  group, 
and  in  the  1,6-position  to  the  carbon  atom  (i) ;  while  the 
phenyl  group  ($)  is  in  the  1.5-position  to  (1).     T\v\3i^  \v^x^ 


^H       also  the  possibilitttis  of  collisions  are  greatly  increased  iiy  ihe 
^B        suljstitution  of  butyric  for  propionic  ester  in  the  synthesis. 
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CHs— N— CH— CH= 


(III.) 


COOEt 


When  a  in  the  general  formula  is  an  iso-propyl  group  (i^l 
when  a-bromo-iso valerianic  ester,  (CHj)iCH.CHBr.COOCH, 
is  used),  an  increase  in  hindrance  is  found  throughout  the  whole 
series  of  reactions.  The  secondary  bases,  with  the  exception 
of  piperidine,  hardly  react  at  all.  This  is  probably  due  to  the 
fact  that  any  group  attached  to  the  nitrogen  atom  in  the  finil 
product  will  be  in  the  1,5-position  to  the  two  methyl  nidicak 
of  the  ester. 

I  i  G 

CH,  COOEt  R' 

1  I  / 

CH,,— CH-CH— N— R 


In  contrast  (o  this,  it  is  found  that  when  both  t 
b  are  methyl  groups  {i,e.  in  the  case  of  iso-butyric  ester 
a  distinct  improvement  in  tlie  yields  is  observed.  This  i 
apparently  due  to  the  fact  that  the  methyl  groups,  instead  1 
being  in  the  i,5-position  to  radicals  attached  to  Ihe  nitn 
atoms,  as  is  the  case  in  the  above  formula,  are  i 
j,4-posit]on,  as  ahoviri  beVo-*  •.— 
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CH,  R' 
1  |2       I 

CH  — C-  -N— R 


We  have,  tljerefore,  the  following  scale,  in  which  those 
groups  with  least  hindering  effect  are  placed  first : — 


CH. 
CH-CH, 


CH,  CH,-CH,  CH, 

1  ;     I  ;     I 

-CH-COUEt      -CH-COOEt      -C-COf>Et 
I 
CH, 

The  next  subject  of  IlischoflTs  investigations  was  the  re- 
action between  a-hromo-fatly  esters  and  various  sodium  alcoho- 
lales,  the  general  equation  of  which  is  as  follows  : — 


I  +  Br— C- 


COOEt  =  X.O— C— COOEt  +  NaBr 
I 


BischofT  anticipated  that  the  yield  of  alkyloxy-ester  would  be 
greatest  when  the  spacial  factors  in  the  reaction  allowed  the 
closest  proximity  between  the  sodium  and  bromine  atoms. 
Now,  if  we  consider  tlie  Dynamic  Hypothesis  more  closely 
than  we  have  already  done,  we  shall  see  that  it  de|«;nds,  not 
merely  upon  the  collisions  between  two  atoms  A  and  B,  but 
upon  the  possibility  of  the  atom  A  driving  the  atom  B  out  of 
a  certain  sphere,  and  itself  entering  this  sphere.  It  is  evident 
that  we  must  go  a  step  further,  and  try  to  discover  if  there  are 
any  forces  at  work  which  will  tend  to  bring  the  atom  B  back 
into  the  sphere  of  action  from  which  it  was  driven.  If  in: 
write  down  the  two  formula .— 


and  Ri|^x»e  that  the  atom  A  of  vluch  we  spoke  is  apptoBdnag 
X,  with  which  it  is  capable  of  reacting,  on  Biscbofi's  vici, 
it  will  tend  to  collide  with  the  atom  B,  and,  until  it  has  driven 
It  outside  a  certain  sphere,  no  reaction  between  A  and  X  nil! 
be  possible,  owing  to  their  not  being  able  to  approach  widiin 
each  other's  reaction  radius.  It  is  obvious  that  after  the  fim 
collision,  fi  will  be  driven  back,  and  in  its  turn  will  collide 
with  either  Z,  C,  or  R  (Formula  (I.)}.  If  these  groups  att 
sufficiently  massive,  they  will  repel  it  again  into  its  origiiul 
position ;  and  if  il  regains  this  position  before  A  has  had  lime 
to  approach  within  the  reaction  radius  of  X,  the  whole  process 
may  be  repeated  an  indefinite  number  of  times  without  A  c*-er 
being  able  to  react  with  X.  On  the  other  hand,  if  we  suppose 
that  instead  of  massive  groups  at  Z  and  K  we  had  small  m 
light  ones  (for  example,  if  we  had  hydrogen  atoms,  as  tn  the 
second  formula),  it  would  be  much  less  probable  that  the 
collision  of  B  with  them  would  be  sufficient  to  force  B  baci 
into  Ihc  position  from  which  it  was  driven  by  A ;  and,  to  tate 
an  extreme  case,  if  there  were  no  groups  at  all  at  Z  and  R,  so 
that  B  had  nothing  to  collide  with  after  being  forced  oui  of 
its  irasition  by  A,  then  it  would  not  return  to  thai  sphere  so 
(juickly  as  in  the  other  cases,  and  probably  would  return  loo 
late  to  prevent  A  approaching  X  closely  enough  to  react  nilh 
it.  It  was  with  the  aim  of  testing  the  value  of  this  hypothesis 
that  Bischotf  undertook  Ihc  study  of  the  reaction  with  which 
we  ore  about  to  deal.  Since  oxygen  is  divalent,  it  is  apparent 
thnt  there  will  be  more  free  space  around  an  oxygen  atom 
than  around  a  carbon  atom,  for  in  the  one  case  we  hmt 
only  two  groups  to  deal  with,  while  in  the  case  of  carbon  iheR' 
are  four  in  the  same  space.  Therefore,  if  we  have  two  groupc 
attached  logether  in  one  case  by  an  oxygen,  and  in  another  bj 
a  carbon  atom,  the  possibilily  of  colhsions  occurring  bctweea 
(■  two  groups  will  he  less  in  vV\*;  firat  cose  than  in  the  second 
Fmm   the  fort^o'mg,  "«c  ^^iQiXi  c-s.^**?,  vs  SmA, 
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eneral,  chain  formation  through  an  oxygen  atom  would  be 
asier  than  through  a  carbon  atom;  and  that  less  hindrance 
'ould  be  produced  by  large  groups  in  the  former  case  than  in 
le  latter.  BischofT  has  shown  that  this  is  true  by  the  following 
lethod.  He  dissolved  the  bromo-ester  in  ligroin,  and  then 
iispended  the  alcoholate  in  the  solution  and  boiled  it  for  one 
our.  At  the  end  of  this  time  he  found  that  the  sodium  was 
resent  in  four  different  compounds  : — 

(A)  as  sodium  bromide,  from  the  chain  formation. 

(B)  as  alcoholate  which  had  not  been  attacked. 

(C)  as  the  sodium  salt  of  the  bromo-acid  whose  ester  he 

had  used — the  result  of  hydrolysis. 

(D)  as  a  salt  of  the  alkyloxy-acid  formed  by  the  reaction, 
le  used  the  following  alcohols  : — 

I.  Methyl  CH3OH 

II.  Ethyl  QH5OH 

III.  Propyl  CH,.CHa.CHa.OlI 

IV.  Butyl  CH,.CHa.CH2.CH2.0H 

V.  Octyl  CH,.CH2.CH2.CH,.CH.,.CH,.Cn,.CHa.OH 

VI.  Isopropyl  CH, 

CH.OH 

CH, 
VII.  Secondary  butyl  CHj.CHa 

"CH.OII 

CH,'^ 
VIII.  Isocapryl  CH3.CH,.CH,.CH2.CH,^ 

\h.oh 

IX.  Isobutyl  CH3 

^CH— CH2.OH 

CH, 
X.  Isoamyl    CH. 

CH.CH,.CH,.01I 

CH, 
XI.  Tertiary  butyl  CH,  ^ 

CH^r-C.OH 

ch; 


I 
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The  following  table  gives  the  results  obtained.     The  Itttenl 

correspond  to  those  given  for  the  reactions,  and  the  RomaiiW 

numbers  are  those  of  the  alcohols  in  the  list  above ;—            1 

A 

Ii 

C 

D 

A 

8 

C 

P   1 

I. 

89 

P 

, 

10 

84 

0 

'J   1 

11. 

87      1      o      '      o 

13 

84 

0 

•i  1 

HI. 

84            0      1      0 

la        7S 

IV. 

8S-5        '-S        ' 

12     1  81 

8 

3 

g    I 

V. 

87                3                 > 

VI. 
IX. 

V.      \      t 

i:  is; 

25 

3 

»S  ■ 

X. 

80         lis 

14           79S 

1-5  1      e 

mI 

XI. 

74S  13           6     i    i6S  1    So'5  t      r      1      3         lym 

a-Bioaio-isobn  lyric  e*ler. 

I. 

84 

, 

0 

'S 

80 

, 

■S    1 

11. 

81 

'7 

74 

'    ,  n  m 

III. 

IV. 

ii 

i-S 

I 

13-5 

u 

i 

3       17    1 
3       3  1 

V. 

i\ 

35 

'5 

20 

67 

3 

3        >7    ■ 

VI. 

71 

4         >1   ■ 

IX. 

«S 

I6-S 

78 

5"S 

t  -m 

X. 

795 

'S 

5 

4 

7S 

as 

XI.           78-5 

o's 

45 

.6's 

77 '5 

•  ■s 

5     i    '«■ 

An 
The  efTe 

cl  of  a 

ation 
longc 

J{  thes 

hain  i 

le  figur 

showr 

es  lead 
bvth 

5  to    t 

differt 

e  foUowincH 

the  values   for   octyl   alcohol,  V,,  and  its  predecessor,  butyl  1 
alcohol,  IV.     This  is  not  well  brought  out  in  the  case  of  -*    I 
witli  a-bromopropionic  ester,  but  with  a-bronio-iaobiityric  esttij 
the  difference  is  that  between  86  and  75  per  cent.  ;  while  » 
n-bromo-iso valerianic  ester  the  difference  between  the  amou 
is  even  greater  (86  and  67  per  cent.).     The  hydrolysis  const) 
13  is  also  higher  in  the  case  of  octyl  alcohol  than  of  bu^ 
alcohol,  rising  from  1  r  to  ao  per  cent,  with  n-bromo-isobuiyi 
ester,  and  from  3  lo  ii  v^  crov.  -aivfe  a.-\nisR)n-vuv<n 
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ster.  This  appears  lo  prove  that  a  long  chain  can  have  coii- 
iiderable  influence  when  the  other  part  of  the  molecule  has 
wo  forks  in  it ;  though,  as  the  figures  for  a-bromo -propionic 
isler  show,  it  has  Httle  effect  when  there  is  only  one  fork  in 
he  second  half  of  the  molecule.  Schematically,  this  may  be 
■epresented  thus : — 


I 


C-C-C-C-C-C-C-C-O-C-C     Fn 

c  c 

I  I 

C-C-C-C-C-C-C-C-0-C-C-C 


With  regard  lo  the  alcohols  with  a  single  side  chain,  VI., 
IX.,  and  X,,  it  appears  that  they  react  in  the  following  order, 
he  most  reactive  being  placed  first :  iso-amyl  alcohol,  iso- 
autyl  alcohol,  and  iso-propyl  alcohol.  As  can  be  seen,  this 
igrees  very  well  with  the  Dynamic  Hypothesis  : 


2      3       4       S 

6 

\2 

3       4       3 

V 

3       4 

p^C-C-0- 

-R 

C- 

c 

C- 

0— R 

X.  Uo-amyL 

IX 

Iso-butyl. 

VI 

Iso-propyl 

iince,  in  the  case  of  X,,  the  carbon  atoms  (i)  have  only  an 
oxygen  atom  in  the  critical  position  to  them ;  while  in  IX.  and 
VI.  the  critical  position  lies  somewhere  in  the  acid  part  of  the 
molecule,  among  carhon  atoms. 

In  his  last  series  of  pajwr.s,  BischofT  studied  the  reaction 
Itelween  a-bro mo-fatty  esters  and  the  sodium  derivatives  of 
mono-  and  di-valent  phenols.  As  regards  the  acids  which  he 
used,  he  was  able  to  prove  that  the  same  gradations  in  reaction 
velocity  were  shown  in  this  case  as  in  that  of  the  alcoholales ; 
but  as  regards  the  phenols  he  was  unable  to  arrive  at  any 
conclusions  on  the  question  of  steric  hindrance.  From  his 
results  it  appears  probable  tliat  in  this  reaction  purely  chemical 
laflaences  far  outweigh  any  steric  effects. 


I 
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BischofF  has  been  by  far  ihe  greatest  worker  on 
of  chain  formation ;  he  appears  lo  have  collected  almcM  a 
much  material  as  the  rest  of  the  investigators  in  this  field  com- 
bined, the  only  otiier  researches  which  compare  with  his  ia 
point  of  completeness  being  those  of  Menschulkin,'  with  whidi 
we  must  now  deal. 

In  order  to  estimate  the  effect  of  substitution  in  the  bcniene 
nucleus  upon  reactions  taking  place  in  a  side  chain,  Menschul- 
kin investigated  the  following  reactions,  and  found  the  cnnslaiill 
given  in  each  case  :  — 

I.  Reaction  of  allyl  bromide  upon  the  toluidines — 

Meta-,  445.         Para-,  96.         Ortho-,  54. 

11.  Reaction  of  dipropylamine  with  nitro-bromobeniene 

Ortho-,  888.         Para-,  23.         Meta-,  o. 

HI.  Reaction  of  allyl  bromide  with  chloranilines — 

Para-,  34.        Mela-,  aj.        Ortho-,  9. 
IV.  Reaction  of  allyl  bromide  with  the  xylidines — 


CH, 
Cli, 


CH, 


CH, 


70;. 

400. 

CH. 

CH, 

"•"<         )""■ 

CH. 

.1"S- 

205, 

CH. 

CH. 

"•"C"^ 

"•"C") 

CH. 

chV^ 

,85. 

1!9- 

>u.  .  Kui 

..  Pifi.  aum.  Str.,»,^U 
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V.  Reaction  of  allyl  bromide  with  ciimidine  and  mesidine- 
CH, 


The  influence  of  the  ortho-sub stituent  is  strongly  marked  in 
all  these  cases,  with  one  very  important  exception — the  nitro- 
compounds. In  this  connection  it  may  be  well  to  recall  the 
fact  that  Baly  and  Collie '  have  shown  that  the  introduction  of 
a  nitro-group  into  the  benzene  nucleus  has  the  effect  of  altering 
the  whole  system  of  vibration  of  the  benzene  molecule  and 
converting  it  into  something  which  resembles  an  aliphatic 
compound.  It  appears  probable  that  a  study  of  the  absorption 
spectra  of  the  nitro-bromoben2enes  would  throw  light  upon 
Jlenschutkin's  results. 

A  further  series  of  investigations  dealt  with  the  reactions 
between  allyl  or  methyl  bromide  and  various  primary  amines, 
The  following  are  the  chief  results  :— 

Conslants  for  Clljitr  and  for  C.HjBr, 

NH^CH, 31910     .     .     8303 

NHj.CH..CH, — 

NH,.CH,.CH,.CH,  ...     15215     .     .     37S3 

NH3.CH{CHj).CH,CH,.     .     .       50. 

NH,.C{CH,), 18: 

Now,  in  accordance  with  BischofTs  Dynamic  Hypothesis,  we 
should  expect  to  find  that  in  the  case  of  amines  and  allyl 
bromide  an  accumulation  of  substituents  at  the  carbon  atom 
next  the  nitrogen  one  would  hinder  the  progress  of  the  reaction 
to  the  greatest  extent;  for  this  is  the  critical  position  in  the 
compounds  which  would  be  produced  by  the  reaction.  This 
will  be  quite  clear  if  we  take  a  typical  chain  and  number  the 
atoms  in  it : — 

CH,:CH-CH,— N— C.  .  . 


^^  ^^^^^^^p 
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L         The  experimenlat  results  support  this,  a 

s  can  be  seen  from  itK 

^m         last  three  figures  in  the  second  column. 

^^                The  adverse  influence  of  forking 

in  the  amine  chain  il 

H         shown  by  the  following  results,  the  mini 

lers  giving  the  position 

H         in  accordance  with  those  above : — 

/C 

c-c 

4   IS   e 

,=/• 

4/ 

N-C-C-C            3783 
N-C-C-C-C       3886 

N-C 

I2S7 

N-C            b-\% 

\ 

\ 

4   3  e 

V 

V 

N-C-C-C^C-C  3790 

c 

t-c 

4     5     G 

4    S    G 

4     5    fi 

N-C-C-C-C        2985 

N-C-C-C 

1 700 

N-C-C-C  <» 

\ 

X" 

\6\ 

c 

c 

C  C 

4     5     0 

4    5    6 

6 

N-C-C-C-C       2759 

N-C-C-C-C 

11S9 

C 

c 

c 

4   s/e 
N-C-C       JH 

^£ 

e 

4   5/6 
N-C-C-C  !;o 

C 

In  the  remainder  of  this  section  we 

may  examine  the  results 

of  some  other  workers  in  the  same  field 

:  but  as  we  shall  liavcw 

describe  more  or  less  isolated  facts  it 

is  necessary  to  aroniLt 

therain  some  order.     It  seems  best  lo  group  the  reactions  und« 

certain  heads  :  and  the  simplest  arrangement  appears  to  be  Ifl 

class  them  according  to  the  two  atoms 

which  arc  concemedlB 

the  actual  junction  of  the  two  chains. 

We  shall  therefore  cofl 

sider  the  reactions  in  the  following   order:   chain   fonnatifl 

between  two  carbon  atoms,  between  a 

carbon  and  a  nitio|fl 

^k        atom,  between  a  nVttofeetv  avoia  to.4  a. 

nnvv«»s'ocfn  a!.<anu        B 

Bone  and  Sprankling'  have  studied  the  reactions  between 
i-bromo propionic  ester  and  the  sodium  derivatives  of  aceto- 
.cetic  ester,  (Ia),  and  methyl-aceloacetic  ester,  (Ha);  as  well 
IS  between  a-bronio-isobutyric  ester  and  the  same  sodium 
lerivalives,  (In)  and  (He),  The  results  are  given  by  the 
igures  below : — 


5Dd  of  renclion 
pnccntaee  of  theoretical  \ 

yield  of  ester  J 

Percenlage  of  Iheotelicol  \ 

yield  of  acid  ) 


The  methylation  of  aceto-succinic  ester,  (III.),  and  its  methyl 
lerivatives,  (IV.)  and  (V.),  jjave  the  following  yields :  — 

(in.)  (IV.) 

CH,.CO.CH.COOEt  CH,.CO.CH.COOEt 

I  I 

CH,.COOEt  CH,.CH.COOEt 

(V.) 
CH..CO.CH.CUOEt 

(CH,).^C.COOEt 

(III.)  (IV.)  (V) 


Methylated  product    .  82-5 
Methylated  acid    .     .   i4'o 


o'S 


n  all  these  cases,  true  succinic  acid  derivatives  were  pro- 
uced.  The  authors  next  examined  the  reactions  of  malonJc 
ster,  (VI.),  with  (a)  bromoprop ionic  ester,  (b)  bromo- 
lobutyric  ester;  and  of  methyl -ma  Ionic  ester,  (VII.),  with 
i)  bromopropionic  ester,  (b)  bromo-isobutyrlc  ester.  The  result 
ras  in  each  case  a  mixture  of  two  esters,  which  on  hydrolysis 
ave  succinic  and  glutaric  acids : — 


letnd  Sprattklias,  Trans.,  76,  839  U^V 


-J 
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Per  cent.  Sucdnic  Ulaun 

(V!a.)  '''"■       "^ 

CH.(COOEt),     CH.{CO.OEt)a  75  5I 

I  I 

CH,.CH.COOEt         CHi,.CH^COOEt 

(VlR.) 

CH(COOE0a    CH.(COOEt).,  77         4, 

I 
UEt  CH.j.CH.COOEt 

CH, 


CH,.C.(COOEtX 

I 
CH,.CH.COOEi 


(VIlA.) 

(JHj.C.(CUOEl),  ( 

I 
CH,.CH...COOEi 

(VIIn.) 


CH,.C.(COUEg, 
I 

CH«.CH.COOEt 
I 
CH, 

The  reaction  of  a-cyano-propionic  ester,  (VIII.),  wili  r, 
bromo-isobutyric  ester  gives  rise  to  a  mixture  of  trimethyt 
succinic  acid,  (IX.),  and  dime  thy  1-giutaric  acid,  (X.),  in 

fgllowing  proportions : — 

(VUI.)  (X.) 

CH,.CH.COOEt  CHj.CH.COOEl 
I  I 

CN  CHfCH(CH^.CO0Et 

(IX.) 
CHpCH.COOEt 
I 
(CH,)„.C.COOEt 

Total  ester,  5=^57%.        IX.  15%.        X.  35-30%. 

L  it  appears  that  in  this  caw  a\»i  i.l\&  a.ccumulaJJon  of  substitool 
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I  cetUin  positions  is  so  unfavourable  to  tho  courst;  of  some 
■actions  thai  these  take  a  different  course  and  produce  new 
Toducts. 

Aldehydes  have  the  property  of  condensing  with  a-  and  y- 
Ikyl  homologues  of  pyridine  and  quinoline  in  the  manner 
lown  by  the  equation : — ' 


'  H^ 


,>CH,.CHIOH).R 


N 


<unigs'  has  shown  that  when  formaldeyde  is  used,  all  the 
tree  hydrogen  atoms  of  the  methyl  i;roup  may  be  thus  replaced, 
omiing  a  radical  of  the  type  ;  — 

CH,OH 

— C     CH,OH 

^CH.OH 

This  actioji,  however,  can  takt;  place  only  in  those  cases  where 
here  is  no  substituent  in  the  ortho-position  to  the  methyl 
■ailical.  If  sucli  a  substituent  be  present,  one  of  the  hydrogen 
ilonis  of  the  methyl  radical  loses  its  capacity  for  reacting 
wiih  formaldehyde.  Konigs  formulates  the  matter  in  the 
following  way.  In  the  a-  or  y-methyl  or  methylene  groups 
of  hydrogen  atoms  which  can  be  replaced  by 
methylol  groups  is  reduced  by  one  if  one  of  the  neighbouring 
^-(arbon  atoms  carries  an  alkyl  group  or  belongs  to  a  benzene 
lucleus  (as  is  the  case  in  lepidme,  (I.)) : — 

CH,  CH(CH,OH), 

C 


'  Jakobien  and  Reimer,  Btr.,  IS,  lotjj,  3602  (1883]. 

•  K;>iii^  £tr.,  «,  3J64   (iifffSJi   as,  333,  1S99  Vl*9qV.  **.  *.Vi 


I 
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On  the  other  hanil,  even  if  the  second  ^-position  be  occu|i 
it  appears  to  have  no  further  hindering  influence  upon  the 
action,  for  in  Mj-methyl-acridine,  (II.),  the  same  mimlia 
hydrogen  atoms  are  replaced  as  in  lepidine  :— 

CH(CH,OH). 


C 


(ID 


N 


N 


The  presence  of  a  carboxyl  group  in  the  ^-position  appea 
to  have  an  effect  contrary  to  that  of  Other  siibstituenls,  as 
facihtates  the  reaction. 

As  a  final  example  in  this  branch  of  tlie  subject 
chouse  the  case  of  the  triphenyi-metliane  dyes.  Tho  rosanilin 
ilyes  arc  obtained  by  oxidising  a  mixture  of  aniline  with  it 
homologues ;  and,  in  the  case  of  para- rosanilin e,  the  reactio 
may  be  represented  thus  : — 

NH,.C,H..CH,,  +  30  =  NH,.C.Hi.CHO  +  H,0 
(If.) 


NH.^C„H,.CHO  +  JQH,.NH,  =  NH,.QH..CH  +  H,0 

C,H..NH,J 

Probably  the  /-toluidine  employed  is  first  oxidised  to/ 
benzaldchyde,  as  shown  in  the   first  equation,  and  this  t 
condenses  with  aniline  to  form  para-leucaniline.     Thehydi 
atom  in  the  para-position  to  the  amido-group  of  the  aniUneV 


(1901);  Kiinigsand  BUchkopf,  Sir.,  St,  4337  {igoi) ;  Konigs  and  Sluctl 
Ber.,  M,  4JJO  U901V 
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s  one  which  is  attacked  in  the  course  of  the  second  reaction. 
aw,  both  the  para-lo!uidine  and  the  aniline  can  be  replaced 
■  their  derivatives  in  this  reaction  without  any  hindrance 
ing  produced,  except  in  one  important  case.  When  w-tolui- 
ne  is  substituted  for  anilijie,  the  reaction  is  hindered  to  a  very 
Qsiderable  extent,  and  the  same  is  found  when  symmetrical 
lidine,  i,3-dimethyi-5-amido-benzene,  is  used.  Apparently, 
srefore,  a  hindrance  is  brought  about  by  the  presence  of  the 
;thyl  group  in  the  meta-position  to  the  amido-radical.  If  we 
lie  the  formula  of  tf.f-dimethyl-^rosaniline  in  full,  it  will  be 
sn  that  such  methyl  group  will  lie  in  the  ortho-position  to 
;  hydrogen  atoms  which  are  replaced  in  the  course  of  the 
iction ;  and  it  appears  probable  thai  we  are  dealing  with 
ice  inSuences  in  this  case  also  : — 


We  must  now  turn  to  the  second  division  of  reactions, 
tnely,  those  in  which  the  chain  is  formed  through  a  carbon 
i  an  oxygen  atom.  In  this  section  we  ought  to  have  in- 
ded  ester  formalion,  but  it  is  more  convenient  to  deal  with 
it  in  a  section  by  itself,  instead  of  treating  it  as  a  branch  of 
lin  formation. 

Spiegel  and  Sabbath '  found  that  while  alkyl-,  allyl-,  and 
izyl-etbers  of  /-nitro- phenol  could  be  prepared  in  the  usual 
y,  it  was  impossible  to  produce  the  ethers  of  tertiary  hutyl, 
),  or  tertiary  amyl,  (11,).  It  was  found  that  no  hindrance 
sted  in  the  case  of  the  iso-butyl  radical,  (III.)  : — 


'  Spi^elaad  Sabbaih,  IStr.,  81,  1935  (igoiV 


I 
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(I.) 

CH,    c: 

X 

CH, 
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(II-)  (IIL) 


CH, 


Sagrebin  '  and,  later,  Rosenfeld-I'Veiber^,^'  have  studied  ibe 
course  of  the  following  reaction  and  ineasured  the  rates  o( 
ether  formation  in  the  case  of  several  esters  of  bentcne 
sul phonic  acid  : — 

QH,.SO,.O.R  +  R.OH  =  CkH;.SO,.OH  +  R.O.R 

Rosenfeld- Freiberg's  results  are  as  follows : — 


Methyl  ester . 
Kthyleilcc  . 
Butyl  estct  . 
Isoamyl  ester 


Methyl.  I   Ethyl.  |  Propyl.    lsc.l>otyl.|  ^^^ 

3019     I     1560    I     1137  77a  an 

J311         1130  816  498      I     H(i 


These  results  agree  with  those  of  Menschutkin  as  far  Si  ibe 
influence  of  the  side  chain  is  concerned. 

The  next  series  of  reactions  with  which  we  must  il 
includes  those  in  which  chain  formation  takes  [dace  throu^ 
a  carbon  and  a  nitrogen  atom.  Oxime  formation  and  similM 
reactions,  being  dealt  with  in  a  separate  section,  are 
mentioned  here. 

Paal  and  Kromschroder '  observed  that  when  ortho-n 
benzyl  chloride  was  allowed  to  react  with  ortho-nitroniline,  the 
yield  of  reaction  product  was  very  small;  while  if  i 
para- nitrani line  were  substituted  for  the  ortho  comi>ound,  ■ 
much  belter  yield  was  obtained.  The  influence  of  the  1; 
group  in  the  ortho-position  is  strongly  marked,  and  appeanfl 

'  Sagicbin,  J.  A'uii.  PA^-s.  Ckem.  Soc.,  31,  19  (1899). 

'  Rosen (eld-FruilieiB,  ibiil,,  84,  412  (190a). 

'  Paal  und  KtomscUibdei.^.pr.  Clin«.,\>\^^%'\v*o|ii\. 
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t>t  sterical  in  character,  since  the  two  carbon  atoms  bearing 
le  nitro-groups  are  in  the  i,6-position  to  each  other  : — 


NH, 

NOa 


H- 


Cl-CH, 


A 


/\»„_r„./\ 


V 


NH— CHa 
NO,    NO 


2 


V 


4-     HCl 


The  same  authors  found  that  a  similar  difference  was 
x^ioticeable  in  the  behaviour  of  the  reaction  products;  for 
^^nitrobenzyl-i?-nitraniline  could  not  be  acetylated,  while  the 
<:rorresponding  meta-  and  para-nitraniline  compounds  showed 
^:io  sign  of  hindrance. 

Paal  and  Benker*  examined  the  products  of  the  action 
^Df  /-nitrobenzyl  chloride  upon  the  three  nitranilines  and 
o^misidine  and  found  that  all  could  be  acetylated  except 
-nitrobenzyl-(?-nitraniline,  which  agrees  with  the  steric  hypo- 
:hesis : — 


NO, 


NO, 


^CH,.-NH^ 


Paal  and  Hartel  '-*  have  shown  that  when  the  three  isomeric 
^hydroxybenzyl-nitranilines  are  treated  with  acetic  anhydride 
they  behave  in  very  different  ways.  The  compound  (I.)  is 
acetylated  on  the  hydroxyl  group  only,  while  in  the  other  two 
the  nitrogen  is  also  attacked.     The  hindering  influence  of  the 


'  Paal  and  Benker,  Ber.,  82,  1251  (1899). 
«  PmJ  and  Hartel,  ibid,,  32,  2057  (1899^ 


nitro-group  (whicli  in  (I.)  lies  in  the  i,s-positiontolhe  enial 
acetyl  group)  is  thus  made  evident : — 


^OH        0,N 


Aldehydes  react  with  aniline  and  its  homologues 
elimination  of  water  in  the  following  manner 


agues  wit^ 
)-aBd  tna 


X.CHO  +  H.N-R  =  X-CH:N-lt 


Hatitzsch  '  has  found  that  symmetrical  tribromo- 
aniline  do  not  possess  the  property  of  reacting  in  this 
Here  the  bromine  atoms  would  lie  in  the  i,6-posidoo  la 
group  R,  were  the  reaction  to  take  place. 

>  HattmcK  Btr.,' 
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NH,  NH, 

Brf    \llr  NO, 


Br  NO, 

ffeci  of  the  ortho-substituenls  here  recalls  the  influence 
same  radicals  in  the  case  of  the  esterification  of  di-ortho- 
uted  ar(»natic  acids. 

Dner '  measured  the  rise  in  temperature  produced  when 
olecular   quantities   of  aniline   and    an   aldehyde   were 
together.     X  represents  the   radical   attached  to  the 
?dic  group  ; — 

X  Tempenture  Hses  lo 

H over  loo" 

CH, „     loo" 

C,Hi     . ,     too" 

fCH.),CH      .......        59' 

(CH,),CH.CH, 66" 

C„H„ 69" 

CH, 59° 

HO.CH. 55" 


I 


1  and  Prescott '  endeavoured  to  join  certain 
i-compounds  together  by  means  of  aliphatic  dibromide.s. 
found  that  two  molecules  of  pyridine  could  be  united  by 
i  of  ethylene  dibromide,  giving  the  compound  (I.),  or 
hylene  bromide,  giving  (II.);  and  that  pyridine  reacts 
in  this  way  than  trimethylamine,  which  yields  (III.)  and 
No  chain  could  be  formed  by  means  of  i,2-dibromo- 
;,  which  ought  to  produce  (V.) : — 


Annalen,  SIB,  99  (1901). 

Prewcrtl,  Amer.  Chem.  J.,  U,  ■&  l,»igfcV 
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(I) 
CHa-CHa 

C,H.N^  NC.H, 

Br        a 


C,H,N 


/ 


(II.) 

Br 


\r' 


(CH,),N 


/ 


(III.) 
,CHj.CH2, 


\ 


\ 


Br         (CH,),N 


/ 


(IV.) 
.CHt.CHf.CHj 


Br 


\ 


Br 


Br 


">(C 


(V.) 
CH, 

i 
vC — CH9 

Baer  and    Prescott^    prepared  a  methylene   compound 
pyridine  : — 


QH5N 

I 
Br 


/CHj 


\ 


NCfiH, 

I 
Br 


Bischoff^  claims  that  this  work  supports  his  Dyi 
Hypothesis :  but  it  is  rather  difficult  to  see  on  what  gr 
he  bases  the  claim. 

Scholtz^    carried    out    a   research   upon   the  reactio 
^-xylylene  bromide  with  amines  : — 


CHoBr 


CHoBr 


'  Baer  and  Prescolt,  Amrr.  Chftti.  7.,  18,  28  (1896). 
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Itc  found  that  the  a  mido  com  pounds  could  thus  be  separated 
into  six  categories,  the  amines  in  each  category  reacting 
(lilierently  from  those  in  the  other  classes  : — 

I.  Primary    atiphatu    amines    gave 
type:— 

CH, 
•         \ 

C„H,  N— B 


mpounds    of    this 


II.  Secondary  aliphatic  amines  react 
like  :— 

to  form  compounds 

^CH          R 
C,H,           N— R 

II[.  Tertiary  aliphatic  amines  give  : — 

R'— M-CH,-C;H.— CH,- 

R'/| 

-N— R' 
1  ^■•R" 

Br 


Br 


IV,  Primary  aromatic  amines,  with  no  subslituent  in  the 
ortho-position  to  the  amido-group,  give  the  following  type, 
which,  in  contradistinction  to  the  compound  (I.),  possesses  no 
basic  properties : — 

C,H,  N— Ar 

V.  When  the  primary  amine  has  a  subslituent  in  the  ortho- 
position  to  the  amido  group,  the  result  is  the  type  : — 

Ar-NH-C  H  ,-C,H.-<:  H,-NH- Ar 


and  the  same  occurs  \ 
fatty -aronialic  oaes. 


itb  secondary  aromatic  bases  and  mixed 


I 
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VI.  When  an  aromatic  base  has  two  substituents  in  the 
orlho- position  lo  the  amido-group,  no  reaction  at  all  ocean 
and  the  same  is  the  case  with  tertiary  aromatic  bases. 

Wedekind '  investigated  the  behaviour  of  picryl  chloride 
with  aromatic  bases.  He  found  that  the  nitro-group  was  [be 
only  one  whose  influence  in  the  meta -position  was  very  marknl 
This  may  be  attributed  to  the  effect,  already  described,  whidi 
the  nitro-group  exerts  upon  the  vibrations  of  the  benzene 
nucleus.  As  regards  the  other  substiluenls  examined  bj 
Wedekind  (COOH,  CI,  OH,  CH,CO,  CHO),  all  have  racsl 
effect  in  the  ortho-position  to  the  amido-group,  and  lea« 
influence  when  in  the  para- position.  The  secondary  bases, 
methyl-,  ethyl-,  benzyl-aniline,  piperidine,  diphenylatnine.  and 
carba/ol  were  also  dealt  with.  The  first  four  gave  the  nomul 
ty|ie  of  reaction  product : — 


The  purely  aromatic  bases,  on  the  other  hand,  gave  addition 
products  of  the  type  :— 

.'\r^      ^CH,(NO^,Cl 

At       '^QH,{N0,),C1 

From    a    comparison    between    diphcnylamine    and    methyl- 


C„H,— N— CH, 


Wedfkind  deduces  that  in  the  former  the  hydrogen  atom  ii 
sheltered  from  the  approach  of  the  chlorine  atom  by  the  heav;, 
slow-moving    phenyl    radical;    whereas    in  methyl- aniline  th«. 
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snelhyl  group  is  easily  pusheil  aside,  and  thus  has  less  sheltering 
effect. 

Two  di-sulphonic  acids  of  y8-naphthol  are  known  to  which 
■the  following  formula  are  ascribed  : — 

SO,H 


HO 
HO^I 


R-acul. 

Smith '  has  studied  the  behaviour  of  these  acids  when 
brought  into  the  presence  of  diazoniutn  salts.  It  will  be  seen 
from  the  formulae  that,  in  the  case  of  the  G-acid,  the  hydrogen 
atom,  usually  replaced  hy  the  diazonium  nucleus,  lies  between 
the  hyclroxyl  and  sulphonic  groups  ;  while  in  the  case  of  the 
isomeric  acid  there  is  only  one  group,  the  hydroxyl,  in  the 
ortho-position.  Smith  mixed  solutions  of  equal  strength  of 
the  sulphonic  acids  with  equal  quantities  of  a  solution  of 
jvtoluene-diazonium  chloride,  and  estimated  the  ; 
uncombined  chloride  after  a  lixed  time  had  elapsed. 

l"he  following  table  gives  the  results  obtained  ; — 


It  appears,  therefore,  that  the  sulphonic  acid  group  pro- 
duces a  distinct  hindering  effect  upon  the  reaction  when  it  is 
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in  the  peri-position,  but  comparatively  little  effect  when  il  n  in 
the  2,6-position  to  the  hydroxy!  radical. 

le  to  the  final  class  of  reactions  in  this  secotw, 
viz.  those  in  which  chain  formation  is  brought  about  by  jtMnin^ 
a  nitrogen  atom  to  some  atom  other  than  a  carbon  one.  Vm 
few  facts  seem  to  be  known  in  this  division. 

Lloyd  and  Sudborough '  examined  the  formation 
of  organic  bases  with  di-ortho-siibstituted  benzene  carboxfli 
acids  in  the  hope  of  detecting  some  hindering  effects.     Nolhinj 
of  the  kind  was  observed. 

Bamberger  and  Rising  '  found  that  ortho-sub stiluents 
considerable  intiucnct:  on  the  course  of  the  reaction  betwt 
aryl-hydroxylamines  and  nitroso-aryls : — 

G,H,-NH-OH  +  0:N-QHj=    CjNi-N— N-C.H.  +  H  0 


Iiinjj 


The  results  were  as  follows.  Unmethylated  or  meta-methylalcd 
compounds  react  with  almost  the  same  ease  ;  para-substitutipn 
reduces  the  reaction  sjjecd ;  ortho-substitution  ha.*;  most  cfTect. 
The  rale  of  reaction  decreases  in  the  following  order  : — 


CH 

CH, 

CH, 


(II.) 
CH, 


''V_/" 


CH. 

NH.OH 


CH, 
(HI.) 


CH. 

(IV.) 


From   the  last  compound,  mesityl-hydroxylamine,   no  a^oiM 
derivative  at  all  could  be  prepared. 


'  IJoyd  and  SudboruuEh,  TraHi.,  7S.  580  (1899). 


iftm 
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Bamberger  and  Rising  ^  also  examined  the  action  of  aryl- 
hydroxylamines  upon  diazobenzene  chloride,  and  in  this  case 
also  they  found  similar  differences.  The  reaction  normally 
follows  the  course  of  the  equation  : — 

QH5-N-H  +  N=N-CeH„  =  C«H5-N-N:N-CeH„  +  HCl 

I  I  I 

OH  CI  OH 

The  following  figures  give  the  relative  atnounts  obtained  by 
the  authors  in  each  case  : — 

CH, 


NH.OH 


99 


97 


NH.OH 


CH3 
CH, 


\nh.oh 


CH, 


NH.OH 


96 


CH 


CH 


90 
CH3 


NH.OH 


// 


J 


NH.OH 


CH3 


79 


77 


^ 


CH3 

NH.OH 


CH, 


75 


52 


CH, 


CH, 


<         \nh.oh 


A 


X 


CH.. 


\ 


NH.OH 


CH, 


CH. 


31 


'  Bamberger  and  Rising,  Antialefiy  316,  2^7  V^go\^. 
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I 


Here,  also,  verj-  little  action  was  obtained  when  mesitrl 
hydroxylamine  was  used.  It  is  noteworthy  that  Bambei|« 
and  Riist '  found  that  mesidine  shows  a  similar 
reactivity  in  the  case  of  the  diazo-reactton.  They  were  unable 
to  prepare  its  iso-diazo-derivative, 

Elhs  ^  has  shown  that  in  alkaline  solution,  electrolysis  with 
a  nickel  electrode  yields  azoxy-  and  azo-derivatives  in  (he 
case  of  ana-nitro-c-toluquinoline,  (I.) ;  flniT-nitro-/-toluquinoli«i 
(II.),  and  (J«ff-nitro-M-xyloquinoline,  (III.),  yield  only  the  cone 
sponding  amido-quinolines : — 
NO,  NO,  NO 


CH,| 


CH,| 


(in.) 

It    .ippears    from    a    comparison    of  the    formula   that   ibc 

siibstihient    in    the    ortho-position    to  the    nitro-group  has 

hindering  influence  on  the  reaction.  Elbs  considered  this 
case  of  steric  hindrance. 


5^ 


IMTRAMOI.ECVLAR    CHANGE. 


Hydrazobenzene,  when  acted  on  by  mineral  acids,  under 
goes  an  intramolecuUr  change  .and  is  converted  into  benzidine: 

CJf»-NH— NH-C,H„ >    NH,— C.H.— C.H.— NH, 

HjilrsEobenzenE.  Beniidi 

If  azobenzene  be  reduced  in  acid  solution,  the  hydra zobeniena 
thus  formed  undei^oes  change  immediately,  and  the  produfl 
of  the  reduction  is  benzidine  and  not  hydrazoben; 

A  series  of  researches  carried  out  by  Jacobson  and  otheis,' 

'   Hamhergcr  find  Riist,  Bt>'.,  38,  3511  (1900). 
'   Ell«,  Zeit.  Eltrlrochfn,.,  10,  579  (1904), 
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with  the  object  of  finding  the  eflect  of  substitution  upon  the 
reaction,  led  to  the  following  results. 

Jacobson  began  bis  investigation  with /-ethosy-a/obenzenti 
expecting  that  on  reduction  it  would  break  down  into  aniline 
and  /-phenetidme,  as  the  benzidine  change  was  impossible, 
owing  to  the  para-position  being  occupied  by  the  cthoxy-group. 
No  such  decomposition  occurred,  however,  but  instead  intra- 
molecular rearrangement  look  place  in  two  ways,  the  products 


I 


OC,H. 


This  change  differs  from  the  benKidine  rearrangement,  in 
Lhat  only  one  of  the  -NH-  groups  is  converted  into  -NH^;  or, 
in  other  words,  only  half  the  benzidine  change  takes  place. 
From  this  the  change  is  called  the  semidim  rearraugtment. 
ind  its  products  are  termed  "  semidines  "  ;  further,  since  in  (I.) 
the  two  nitrogen  atoms  are  in  the  ortho-position  to  one  another, 
the  substance  is  called  an  "  ortho-semi  dine,"  and  as  in  {II.) 
they  are  para  to  each  other,  that  compound  is  a  "  para- 
ge mid  ine"  derivative. 

An  examination  of  the  relative  quantities  of  the  compounds 
formed  from  various  azo- derivatives  showed  that  great  influenre 
kvas  exerted  by  the  position  of  substituent  groups  in  the  two 
[thenyl  nuclei :  — 


IR  3700  (It 


OC,H, 


■:  3700  (1894);  88.1541.2680(1895);  ^B«o/rt<,  M7,  97  (1S95)  :  308, 
290  (iSgS) ;  Will  iiml  oiluTs.  Ber.,  M,  1013  (1892) ;  27,  2351,  2358  (1894) : 
Taubci,  ibid.,  2S,  1019  (1892)  ;  Noelliii);  and  Mcyct,  Chan.  Zeil.^  IB,  log^ 


CH, 


Tilt  comix>unds  {!.),  (II.),  am 
ortlio^cmidines,  and  only  \ 
derivatives  was  produced  ;  on  I 
para- se mid i lies  as  the  chief  re 
cases  are  known,  al!  of  which 
seniidiiie  rearraii|jement  does  i 
extent  in  those  compounds  whi 
group, contain  a  substituenl  in  1 
in  (either  nucleus.  In  other  woi 
in  the  ortho-position  tu  the  a^o 
change. 
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Vl'l 


OC..U, 


(IV.) 


NH, 


CH, 
OCH: 


(V.) 


CH,        NHs 


Now,  in  the  case  of  (IV.),  there  are  three  substituents  lying 
together  on  the  one  nucleus ;  while  in  (V.)  the  two  nuclei  have 
^ach  a  substituent  ortho  to  the  -NH-  group.    In  this,  Jacobson 
sees  the  reason  why  these  changes  occur  only  as  minor  re- 
actions, there  being  too  much  space  occupied  by  the  amido- 
and  methyl-groups  to  allow  this  type  of  rearrangement  to  occur 
easily. 

An  apparent  anomaly  is  found  in  the  case  of  a  naphthalene 
derivative,  (I.),  which  might  be  expected  to  produce  more  para- 
semidine  than  ortho^semidine,  owing  to  the  effect  of  the  second 
benzene  ring,  part  of  which  is  in  the  ortho-position  to  the 
azo-group : — 


0Q.H6 

N:N.C,H, 
(I.) 


OC,H, 


/) 


NH.QH; 


NH, 


(II.) 


In  practice  it  is  found  that  no  such  effect  is  noticeable ;  but 
that  the  chief  product  of  the  reaction  is  an  ortho-semidine,  (II.). 
According  to  Baeyer's  view,  a  reduction  of  benzene  to  hexa- 
hydrobenzene  tends  to  increase  the  space  occupied  by  the 
molecule ;  so  that  the  effect  of  the  second  benzene  nucleus 
should  be  more  marked  after  it  is  reduced.  This  proves  to  be 
the  case,  as  only  a  small  quantity  of  ortho-compound  results, 


The  comparative  effect  of  variuus  substilutnts  is  shoicn 
the  Ukltlo  hclow.  A  indicates  (hat  very  hllle  compound 
formed ;  H  thai  five  lo  fifteen  per  cent,  is  produced ;  and 
that  considerable  quantities  arc  found  :- 


I. 

II. 

III, 

A 

B 

C 

A 

c 

(?) 

B 

C 

B 

B 

0 

A 

C 

C 

(?) 

C 

(n 

erence  between  the  ffforts  of  the  nlkyl  and  acyl  sub- 
is  especially  noticeable. 

imewhat  similar  influence  of  an  ortho-subslituent  was 
1  by  Morgan.'  In  the  casii  of  the  conversion  of  diazo- 
arapounds  into  aniidoazo-derivatives,  he  found  that  a 
atom  in  the  ortho- position  to  the  diazo-group  had  a 
g  influence. 

ies  and  Huhner"  have  studied  the  effect  of  methyl 
ipon  {he  Beckmann  rearrangement.  They  found  that 
imesofacetomesitylene,  (1,),  desoxymesityl  oxide,  (11,), 
iphor,  {III),  the  tendency  to  rearrange  is  greater  than 
Dxime  of  aceto-methyl-cyciopuntene,  {IV.).  In  (1.) 
.)  there  are  two  methyl  groujis  in  the  i,s-position  to 
ogen,  in  (II.)  there  are  three,  but  in  (IV.)  there  is 
!.     The  case  therefore  agrees  with  BischofTs  Dynamic 


H    "^^"—K 

CH,    CH 

l—C    ^™- 

CH.- 

c-c< 

N  OH  \^^ 
<">    CH. 

r   '  Utxgtn,  Tranr.,  81 
Uflmta.ndHllbn^ 

86  (1902 

'.  M6,  30"  Il897|. 

_,CH, 


H 


§   VI.   ADDITION. 

When  a  nitrile  in  alcoholic  solution  is  treated  n 
chloric  acid,  the  product  of  the  reaction  is  a  hydro 
an  imido-cther,  which  is  formed  by  the  additio 
molecule  of  alcohol  to  the  nitrile  : — 

NH.HQ 
R.CN  +  R'.OH  +  HQ  =  R.C— OR' 

Pinner'  found  that,  in  the  cases  of  the  four  follow 
substituted  nitriles,  no  addition  of  alcohol  occurred  : 
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lile  in  homoplilhalonilrile  only  one  of  the  nitrile  radicals  is 
tackeil : — 


P 


appepoTt '  has  shown  ihat  a 


o-groiip  in  the  ortho-position 


A 


n  also  hinder  (he  fortnalion  of  the  addition  product.    This 

ipears  to  be  yet  another  instance  in  which  the  entrance 
new  atoms  into  the  molecule  is  hindered  by  the  presence 
other  radicals  which  are  sufficiently  near  to  occupy  the  space 

lich  the  entering  atoms  would  otherwise  have  filled. 
Amtdoximcs  can  be  formed  by  the  action  of  hydroxylamine 

»n  nitriles  :— 

NH, 

SCH,.CN  +  NH.OH  =  CH,.C:N.OH 
examples  of  the  hindering  action  of  orlho-subsliluents  are 
be  found  in  this  reaction,  just  as  in  the  case  of  the  addition 
water  or  alcoholates  to  the  nitrile  radical.  The  following 
amples  may  be  quoted.  Para-  and  mcta-cyanoben/oic  acid 
sily  react  with  hydroxylamine,  while  the  ortho-compound  is 
]y  attacked  after  several  days,"  Para- to lunif rile  is  much 
]re  easily  attacked  than  the  ortho-isomer,*  a-naphthonitrile* 
icts  like  an  ortho-sub stitutcd  nitrile  ;  while  those  compounds 
which  the  cyano-group  is  shut  in  between  two  ortho- 
jstituents  show  no  faculty  for  amidoxime  formation,"  Para- 
^thyt-ortho-nitro-benzonitrile  is  not  attacked  by  hydroxylamine 
temperatures  lower  than  ioo''C.° 


'   Rappepoit,  Btr.,  34,  1893  (igoi). 

•  Mttllcr, /W„  19.  1491  (i886)- 

'  Schubart,  ibid.,  BS,  2433  (1889). 

'  Tiemann,  ihiJ.,  22,  2391  (1SS9). 

'  Kiister  and  Stallbeig,  AtiHalen.  278,  2o^   {1894):   /Irr.,  22,  ajgi 

S9). 

•  Wcise,  Brr.,  SS,  241&  (J8S9). 
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Under  certain  conditions,  esters  combine  with  alcobobten 
to  form  addition  products  :  —  W 

OR"  OR'  I 

R.C:0  +  NaOR"  =  R.C— OR"  I 

ONa  I 

It  has  been  observed  by  von  Pechmann'  that  when  benzoic  I 
ester  is  treated  for  half  an  hour  with  sodium  methylate,  So  per  I 
cent,  of  addition  product  is  formed,  while  with  mesityleDel 
carbo.vylic  acid  under  the  same  conditions  only  30  per  cent  is  I 
produced  at  the  end  of  six  hours.  I 

Angeli '  has  pointed  out  that  the  ease  with  which  hydro*  I 
cyanic  acid  is  added  on  to  ketonic  compoimds  will  depend  I 
upon  the  nature  of  the  radicals  attached  to  the  carbonyl  group.  | 
Victor   Meyer  ^  and  Petrenko-Kritschenko  *  have  shown  that 
hexabromacetone  has  not  the  property  of  uniting  with  hydrogen 
cyanide.     This  may  be  due  to  steric  hindrance ;  but  it  appears 
more   probable  that   the  chemical   character  of  the  chlorine  1 
atom  plays  a  greater  part. 

The  addition  of  bisulphites  to  ketones,  according  to  the 
equation :  — 

R      OH 
KHSO3  +  R.CO.R' =    ^C 

R'     SO5K 

has  been  studied  by  Petrenko-Kritschenko,  and  also  by  Stewart 
The  investigations  of  the  former  author  were  carried  out  with 
a  view  to  determining  the  configuration  of  carbon  chains, 
and  will  therefore  be  considered  in  Chapter  IV.,  which  deals 
with  that  subject.  Some  of  his  results,  however,  illustrate  the 
hindering  effect  produced  by  an  accumulation  of  substituents 


'  von  Pechnmnn,  Btr.^  81,  501  (1898). 

«  Angeli,  Atti  R.  Accad.  Linen,  [5]  5,  I.,  84  (1896), 

'  V.  MeycT,  7?«r.,«ft,  i.yw  (,1895). 

*  PelrenVo.KmscYveTvVQ,  ibid ,,  ^^  ^io^ VV^^^ 
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krbonyl  group.'  By  mixing  solutions  of  potassium 
Ijid  a  given  ketone  in  such  strengths  as  to  produce  a 
lition,  leaving  the  mixture  to  stand  for  an  hour,  and 
il^  the  uncombined  bisulphite  with  iodine,  he  arrived 
jwing  results : — 

Pi-t  cenl.  bisulphite 
,  coinpoiind  formed. 

«e CH,,.CO.CH,  ...  23 

ifl  ethyl  ketone  .     .  CH,.CO.CH.jCH,     .  14 

^1  isopropyl  ketone  CH3.CO.CH(CH,).,  ■  2  7 

»phenone.     .     .    .  CH..CO.C.H,.     .     .  oS 

fl  benzyl  ketone     .  CH,.CO.CH.j.C„H,    .  156 

t"  made  a  similar  investigation,  using  equal  quanti- 
a  solutions  of  sodium  bisulphite  and  the  given  ketone. 
9  was  taken  to  make  the  conditions  uniform  in  all 
le    percentage    results   are   shown  in    the  following 


kt        CHjCHO 
CH,COCH, 

1        }cH.COCH,CH, 

'4'5 

"f '|cH,COCH(CH.), 

4'2 

CHjCOCfCH,), 

4*2 

5'6  S-l 

lliese  cases  it  appears  that  the  introdu<:tiun  of  a 
I  in  the  vicinity  of  the  carbonyl  group  has  the  effect 
dng  the  reactivity  of  the  group  in  question.  On  the 
d,  the  carboxylic  radical  gives  rise  to  anomalous 
f,  although  it  is  larger  than  a  hydrogen  atom,  its 
3n  appears  to  increase  the  reactivity  of  the  carbonyl 
X  which  it  is  introduced  :— 

I  Percenl.   Percenl.  Per  cenl.  Pti  cent. 

lomins.   30mins.  somins.  7omins. 

» »8'5       47-0        SS*9  58'9 

petic  ester    .     .     .     37-4      56'o       64'o  67-6 

tedicarboxy lie  ester     4o"a       6t'o        68-i  73'o 

E:d,  AHHn/eu,  341,  1^0(19051. 
iSfifi<»5);  /'/w.,21,  78\i9D-jl. 
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These  results  led  Stewart  and  Baly'  to  make  a  seria 
further  investigations,  a  summary  of  which  was  given  Id  1 
introductory  section  of  this  chapter. 

When  certain  ketones  are  treated  with  phosphoric  adJ,  lie 
two  suhstances  unite  to  form  a  compound  which  may  be  c 
sidered  as  a  phosphoric  ester  of  the  unslablc  ortho-form  of 
ketone  in  question : — 

OH 


C.H. 


CH, 


C„H,      O.P:0 


CH,     OH 


Klages  and  Lickroih ''  made  a  very  complete  investigation 
the  effecl  of  siibslilution  upon  the  reaction,  and  came 
the  following  conclusions.  In  the  aromatic  series,  no  additiofl 
takes  place  when  the  acyl  group  lies  between  the  two  orthu- 
substituents.  For  instance,  it  was  found  that  compounds  of  llic 
type  (I.)  gave  addition  products  easily;  compounds  likefH-' 
gave  no  reaction,  while  in  (III.)  only  one  carbonyl  grouf 
reacted ;  though  in  (IV.)  both  were  ca|iable  of  forming  «n 
additive  compound  : — 

(I.)  (II.) 

CH, CH/  CH, 


CO.R 


?CO.CH. 


(III.) 
CH,.CO         CH, 


(IV.) 


Fatty-aromatic    ketones    in     which    the  aliphatic   radical 


■  Stewftit  and  Bftly,  Ttuhs.,  B9,  3S9  (>9o6). 

'  Klagci  and  LkkruVh,  Bn-.,«l,  \^^  t,\ftqii\ -,  com^ue  WdlfTt  A 
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gcr  tbaci  methyl,  usually  form  iiu  oxoiiiuni  salts.  The 
ly  known  exception  sticms  to  be  [jroinonyl-iiscudocuioenol 
4,5(CH,)ri,QHoCO.o'.C,H,),  which  gives  a  well-defined 
>sialliiie  salt. 
Raikow '  studied  the  same  phenomena  in  the  case  of  the 
ehyde  series.  He  observed  that  while  in  the  case  of  the 
imatic  ketonic  compounds  one  ortho-sub slituent  was  sufficient 
prevent  the  addition,  in  the  case  of  the  aldehydes  luw  sub- 
uents  are  required.  Further  investigations  made  in  con- 
ction  with  Schtarbanow  -  led  to  the  following  conclusions. 
Dsphoric  acid  or  its  esters  will  react  with  those  compounds 
ich  contain  a  benzoyl  group  united  with  hydrogen  or  a 
thoxyl  radical : — 

<,  ^CO— H  ^  yCO— OCH, 

>slituent9  in  the  ring  reduce  the  reactivity  of  the  carbonyl 
up,  having  more  elTect  in  the  case  of  the  esters  than  with 
aldehydes.  No  rule  can  be  laid  down,  however,  as  even 
lilar  substituents  in  the  same  position  appear  to  act  differently, 
can  be  seen  from  the  examples  below  : — 


JCHO 

Reacts  after  a  few  days. 


U  Rtacli  at  once. 

Unchanged. 

ikow  deduces  that  chemical  reactions  are  influenced  by  two 
ncipal  factors — the  affinity  between  the  reacting  bodies,  and 
amount  of  "  rtaclion-sphere"  available.  This  second  factor 
I  depend  upon  the  mutual  relations  of  all  the  fiarts  of  the 

Raikow,  Chtm.  Ziil.,  i^,  367  (1900). 


ft 
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iiiuleculc.  When  a  substance  is  melted  or  dbsolved  in  a  liquid 
a  change  tak<:^  place  in  the  amount  of  reaction  sjiacv  available, 
and  this  suttees  to  bring  about  a  change  in  the  reactivity  of 
the  substance.  He  explains  the  fact  that  a  long  allcyl  chain 
more  effect  in  the  case  of  esters  than  in  ketones  by 
that  the  valencies  of  the  oxygen  atom  are  nsynunetricall;r 
placed,  as  shown  in  the  fonnulie  below : — 


C— C- 


O 


O    R 


K.lages  '  has  found  thai  arsenious  acid  also  has  the  faculty 
of  forming  addition  compounds  with  ketones.  The  results  arc 
similar  to  those  found  in  the  case  of  phosphoric  acid. 

It  lias  been  observed  by  Blanksma  *  that  the  introduction 
of  four  substituents  in  the  ortho-position  to  the  sulphur ; 
lias  the  effect  of  hindering  the  oxidation  of  a  sulphide 
sulphone,  e.g.   compounds  of  the  type  shown  below  are  not 
oxidised  in  the  usual  way  ; — 


As  a  general  rule,  it  is  found  that  tertiary  amines  have  the 
faculty  of  uniting  with  one  molecule  of  an  alkyl  halide  to  form 
a  quaternary  ammonium  salt,  in  accordance  with  the  equi- 
tion  : — 

■  Kli^M,  Ber.^  H,  1313  (igoa). 


»m 
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Alk 

X 


In  1872,  howeverj  Hofmann  *  observed  that  no  such  addition 
compound  was  formed  when  mesidine,  (I.),  tetramethyl-amido- 
benzene,  (II.),  or  pentamethyl-amidobenzene,  (III.),  was  used 
as  a  starting-point. 

(I.)  (II.) 


CH, 


CH, 


NHj 


CH: 


(in.) 

CH,        CH, 


CH, 


CH, 


>NH. 


CH. 


On  the  other  hand,  Rosenstiehl  -  showed  that  in  certain 
uises  an  ortho-substituent  could  assist  the  formation  of  quarter- 
lary  ammonium  salts,  even  to  the  extent  of  causing  a  secondary 
imine  to  behave  as  a  tertiary  one.  For  example,  he  found 
hat  methyl-Moluidine,  (IV.),  was  able  to  react  as  if  it  were 
iimethyl-aniline,  (V.),  at  least  in  so  far  as  its  power  of  com- 
bining with  alkyl  iodides  was  concerned. 


-N-CH. 


(V.) 

H      CH, 


-N— CH 


•  Hofmann,  Ber.^  6,  704  (1872)  ;  18,  1824  (1885). 

*  Rosenstiehl,  Compt.  retid.^  116,  180  ^i&92V 


which  reacts  hke  : — 


CH.— N- 


CH, 
-N— CH, 


Roseiistiehl  formuLited  the  following  rule  :  "  A  methyl  group 
ill  the  ortho- posit  ion  to  the  nitrogen  atom  of  a  secondary 
amine  confers  upon  it  some  of  the  properties  of  a  lertisn" 
nitrogen  atom  ;  it  lends  to  a  tertiary  amine  with  free  pan- 
position  the  properties  of  a  para-substituted  amine ;  and  to 
a  jwra-amido- derivative  of  a  tertiary  amine  it  gives  the  propLi- 
ties  of  an  asymmetrically  alkylated  diamine."  It  appears  veri 
probable  that  the  proximity  in  space  of  the  amido  aud  methyl 
groups  plays  a  considerable  part  in  the  question. 

Fischer  and  Windaus '  examined  three  bromo-toluidinei 
and  three  bromo-xylidines,  and  found  that  (I.) — (V.)  could  b< 
converted  into  quaternary  ammonium  iodides  by  TCpeated 
treatment  with  methyl  iodide ;  (VI.),  however,  in  which  the 
amido  group  lies  between  two  ortho-substitiients,  could  not  be 
made  to  yield  the  quaternary  salt  even  on  heating  ^th  methjl 
iodide  to  loo"  C 

'  Fuchct  ind  WindaiiK,  Ber.,  83.  1967  (I900il- 
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(I.) 


BrX/ 


NH, 


Br 


(II.) 
CH 

A 


(III.) 

CH 


NH, 


(iV.) 
CH 


NH, 


Br 


(V.) 
CH, 


V 

NH, 

(VI.) 
CH„ 


Br 


CH 


Br 


CH, 


Br  \/  V"""  "'V 

CH,  NH2  NH2 

'his  lends  considerable  probability  to  the  steric  hindrance 
ypothesis;  but  some  contradictions  have  been  noted  by 
innow,*  who  finds  that  in  several  cases  the  steric  influences 
re  much  weaker  than  other,  probably  purely  chemical,  ones, 
or  example,  neither  (I.)  nor  (II.)  gives  an  ammonium  iodide, 
bile  (III.)  gives  an  almost  quantitative  yield  : — 


(I) 


CH, 


NO, 

>N(CH,», 


(n) 


CH,. 


NH.CO.CH; 
>N(CH,), 


NO, 


CH 


CH,CO.  NH 


C-CH: 


Decker^  has  shown  that  in  several  cases  those  quinoline 


'  Pionoir,  Ber.,  34,  2077  (I90l)' 
'  Decker,  MJ.,  M,  1984  (1891V 
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r 

■  derivatives  which  have  a  substituent  in  the  ortho-position 

I  Lhe   nitrogen   atom    do  not  give  addition    compounds  f 

I  methyl  iodide. 

J  ^Vedekind '  has  studied  the  rate  of  formation  of  vari 

quaternary  ammonium  salts,  using  alkyl  iodides  with  dimetl 
aniline,  and  aJlowing  the  action  to  continue  for  forty-e 
hours  al  ordinary  lemijera lures.     His  results  are  as  follows 


I'ct  ccnl.  oftbcoi 

CHJ 89 

CH,.CH,I 16" 

CH^^CH^CHJ 28 

C:H,.CH,.CHrCHJ 17 

(CH,VCHI 5 

(CHjVCH.CHJ I 

CH, 

CHI 3 

CM, 

CH,:CH.CH,I 93* 

C,H^CH,I 83 

The  comparatively  low  yield  in  the  case  of  ethyl  iodk 
remarkable.  It  is  also  noteworthy  that  an  illustratioi 
BischofTs  Dynamic  Hyj)othesis  is  to  be  found  in  the  re 
of  isobutyl  and  secondary  butyl  iodide.  In  the  first  case 
reaction  product  would  be  the  dynamically  unfavourable  ( 
pound,  (I.),  in  which  the  two  pairs  of  methy!  groups  are  ii 
1,5-position  to  one  another;  while  in  the  second  case,  ( 
though  the  bulky  groups  are  actually  nearer  to  each  Oth< 

Lthe  chain,  only  three  methyls  are  in  the  unfavourable  po« 
instead  of  four  :  — 
'  Wedekind,    Bit.,    38,  sir    (1899):    ^i"  SIfnofhtmit  d.    f-m 
StickslBp,  |).  18. 
•  Wcdekind,  .^H»«fcM,»^*,=pUv*>-  1 


In  a  later  paper'  Wedekind  corrected  some  of  his  data, 
ind  added  some  new  results.     He  allowed  ihe  alkyl  iodides 

0  stand  with  dimethyl-aniline  for  forty-eight  hours,  and  then 
leateJ  the  mixture  for  two  hours  to  loo"  C.     By  ihis  method 

obtained  the  following  figures  :— 

Per  cent,  of  theiiry. 

CH,.CH,.CH,I i8 

CH,.CH.,.CH.^CH,.I 17 

(CH,),.CHr 5 

(CH,)^CH.CH,.CH,I  3 

(CH,),CH.CH,i 1.5 

These  figures,  however,  are  true  only  wlien  the  radicals 
;re  introduced  by  the  method  given  above ;  for  Wedekind 
onfirmed  the  observation  of  Menschutkin*  that  a  compound 
fhich  was  very  diffiailt  to  synthesise  by  one  method  might 
e  produced  with  ease  if  other  derivatives  were  used  as  starting 
laterials.  For  example,  though  in  the  first  method  above 
-te    yield  with  ethyl    iodide    and   dimethyl-aniline   amounted 

1  only  16  per  cent,,  an  almost  quantitative  yield  of  the 
xnie  ejid-product  was  obtained  when  methyl  iodide  and 
1  ethyl-ethyl -aniline  were  allowed  to  combine.  The  effect  of 
itroducing  a  third  forked  chain  into  the  molecule  is  very 
larked,  as  the  following  figures  show  : — 

Wiih  Cll.l  Witli  (Ct!,),.CHI 

CH,)>CH 


NH 


CH^VCH 

M  -uoptopj-l  -an  iline. 


457. 


.■4% 


'  Wedekind,  ..4Rn.i/<-ii,  311,90(1901). 
'  Merachatkin,  Bcr.,  28,  139S  (iSgsV 
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(CH3).2.CH.CH3.CHa 

s 

NH  47% 


\ 


/ 
(  C  Hs)a.  C  H .  C  ri2.  C  Hq 
Di-isoamyl-aniline. 

The  fact  that  di-isoamyl- aniline  reacts  with  methyl  iodide 
with  ease  stands  in  strong  contrast  to  the  difficulty  with  which 
di-isopropyl-aniline  is  acted  on  by  isobutyl  iodide,  though  in 
the  former  case  a  compound  is  formed  which  is  richer  in 
carbon  atoms  than  in  the  latter.  It  is  thus  evident  that  the 
position  of  the  atoms  has  much  more  influence  than  their 
number. 

Haussermann  *  observed  that  methyl  iodide  had  no  action 
upon  cither  triphenylamine,  (I.),  or  diphenyl-/w-toluidine,  (II.), 
even  when  the  two  substances  were  heated  together  in  a  sealed 
tube  for  ten  hours  at  a  temperature  of  loo''  C. 

(I.) 

\ 

c.;Tr,  -N 

CeH.' 

It  is  j)ossible  to  explain  this  on  steric  grounds,  though 
chemical  influences  alone  might  suffice. 

From  this  evidence,  it  seems  fairly  deducible  that  space 
considerations  play  no  small  part  in  the  addition  reactions  of 
tertiary  bases ;  but  it  may  be  well  to  direct  attention  to  the 
anomalies  which  have  been  mentioned  incidentally.  It  is 
[)robable  that  in  some  such  abnormal  reactions  may  be  found 
the  key  to  other  and  wider  applications  of  stereochemistry. 

§   VII.   SUBSTITUTION. 

We  must  now  turn  to  deal  with  the  effect  of  steric  in- 
fluences  upon   substitution   reactions,  in  many  of  which  an 


(II 

) 

CgHj 

CEI, 

\m 

y 

^^\ 

N 
/ 

v_ 

V 

/ 

C.H. 

^  lliu'sscTm^xTVTv,  B«r,,^V'>^Vv^\V 
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istable  addition  compouDd  seems  to  be  ihe  first  product  of 
reaction. 

When  phosphorus  pentachlciride  is  allowed  lo  react  with  a. 
tone,  it  generally  replaces  the  oxygen  atom  by  two  atoms  of 
lorinc  :— 


CO    +    pcis  =         cci,    +    roci, 

R'  R' 

in  some  cases  this  reaction  can  be  hindered,  or  even 

plelely  prevented,  by  the  presence  of  other  groups  of  atoms 
ar  the  carhonyl  radical.  Fillig  and  Borsche  '  observed  that 
symmetrical  dichloracetone  did  not  react  in  the  cold  with 

iphorus  pentachloridc ;  and  even  heatinj;  the  two  substances 
gether  did  not  pro<luce  any  marked  effeci.  Faworsky  '  noted 
somewhat  similar  effect  in  the  case  of  a-dichloro  propyl -methyl 
aone,  CH,.CO.CCI.j.CH„.CH„  no  action  being  noticeable, 
fen  after  the  mixture  had  been  raised  to  the  boiling-point. 
tliereforc  seems  to  be  the  case  that  iwo  chlorine  atoms  in 
le  a-positton  to  a  carbonyl  group  have  a  hindering  effect  on 
le  reaction  ;  but  it  cannot  be  asserted  that  the  hindrance  is 
irely  stereochemical  in  nature,  as  it  may  be  due  to  the 
lemical  influence  of  the  chlorine  atoms, 

Pechmann  and  Burton'  found  that  acetone- dicarboxylic 
ter  reacted  readily  with  pentachloridc  of  phosphorus,  in  the 
llowing  way : — 


rH:.COOR 


CH.COOR 
t^.Cl  +  \\C\  - 

CH^COOR 


hen  Peirenko-Kritschenko'  attempted  to  repeat  this  re- 
lion,  with  substituted  esters,  he  found  considerable  diflS- 
Ity.    Trialkylated  acetone-dicarboxylic  esters  react  only  with 

Filtigand  liotsclip,  Annnlfn.  133,  114  (1S65). 

.rjky,  y.pr.  CAfm.,  [2]  61,  536  (1895)- 
rcchmann  and  Burton,  Per.,  20.  145  (1887). 
Pttrmko-KrUschenko,  Antialtn,  StB,  ja  li^^Y 
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difficulty,  and  when  the  substitution  is  carried  a  step  faithed 
and  telralkylated  esters  used,  no  action  could  be  produc 
Dibenzyl-acelone-dicarboxylic  esters  show  a  similar  charactc^ 
since  they  do  not  react  with  phosphorus  [)enlachloride  cva 
at  water-bath  temperature.     In  these  instances  it  would  s 
that  the  hindrance  is  more  probably  due  to  stereochemical  iha 
to  purely  chemical  causes,  as  such  an   introduction    of  alkyfl 
groups  into  a  compound  does  not  usually  exercise  much  effecl  1 
on  the  chemical  nature  of  the  substance. 

The  case  of  oxime  formation  has  long  been  considered  w  ' 
be  the  classic  example  of  sleric  effects  upon  chemical  reaclion^- 
The  chief  worker  in  this  field  has  been  Kehrmann,'  whu 
has  studied  the  question  as  it  concerns  substituted  quinoncs 
The  results  arrived  at  by  him  and  other  workers '  in  the  sanic 
field  may  be  summarised  as  follows  : — 

(r).  When  ordinary  /-benzo-qdnone  is  allowed  to  act  with 
a  sufficient  quantity  of  hydro xylamine,  it  yields  a  dioxime. 
both  carbonyl  groups  being  attacked. 

(a).  In  the  ca.se  of  mono-substituted  /-bctuo- qui  nones  it  is  i 
usually  found  that  at  first  only  one  carbonyl  group  reacts,  and 
that  thus  a  monoxime  is  produced.  The  substituent  group 
appears  to  exercise  a  shielding  inQuence  upon  the  carbonyl  groiq 
in  the  orlho-posilion.  For  example,  in  the  case  (1.)  beloi 
where  X  is  chlorine,  bromine,  or  methyl,  only  the  oxime  (IL 
is  formed  at   first,   and   a  dioxime   is  produced  with  som 


difficulty  :— 


(I-) 


(11) 


0=<^  \o  HO.N=<^  J>=  * 

(3).  Di-substituiedquinones  can  be  divided  into  two  classes 
(a)  those  in  which  the  two  substituents  are  in  the  ortho-pO»li 

'  Kehrmann,  fl^r.,  81.  33,5  (,888)  ;  23.  3557  (1891) ;  ST.  1431,  j, 
(189s) !  7.  pr.  Chtm,  [3}  M.  i57  (1S89)  ;  «,  134  (1890):  AnnmUn.  I 
89  (19CX)). 

'  Heriig  nnd  Zcisel,  Ber.,  SI,   3493  (iSSS):  Kieliki  and  Sdin 
.  MJ.,  2T,  1431  (1894)  ;  Untmlcvn,  >bi').,%^^V»k^^v\■ 
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to  one  carbonyl  group;  and  (b)  those  in  which  each  carbonyl 
group  has  one  ortho-substituent.  In  class  (a)  many  instances 
may  be  quoted  to  show  that  hydroxylamine  attacks  only  the 
carbonyl  group,  which  is  free  from  ortho-substituents  ;  e.g.  the 
following  monoximes  are  produced  : — 

CI  Br 


«<3 


NOH 


Br 


>=NOH 


NOH 


I  CH, 

In  general  it  is  found  that  in  the  case  of  an  oxime  of  the 

X 

o=<         Vo 


type 


X 

the  difficulty  of  producing  a  dioxime  is  greater  when  X  is  an 
atom  of  chlorine,  bromine,  or  iodine,  than  when  it  is  a  methyl 
or  ethyl  group.  In  class  (J>)  a  new  factor  in  the  problem 
becomes  apparent.  The  case  of  thymoquinone  will  serve  as 
^n  example.  When  this  substance,  (I.),  is  treated  with  hydro- 
xylamine it  yields  in  the  first  instance  the  monoxime  (II.), 
and  only  with  some  difficulty  can  it  be  converted  into  the 
dioxime  (III.). 

O  O  N.OH 


CH 


\ 


X 


!C3H7 


CH, 


CH. 


CH. 


/ 


\ 


Q,H; 


/ 


O 


ll 

N.OH 


T.  p.  C. 


N.OH 

2    ¥. 


I 
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Kehrmann,   from    this,   deduced    ihat    the    prognss  of 
substitution  reaction  was  influenred  by  the  atomic  and 
cular  bulk  of  the  substiluents ;  since  oxime  ronnation 
place  first  at  the  carbonyl  group  which  has  the  stutUet 
substituent. 

(j).  Tri -substituted  quinones  show  a  somewhit  sinill 
behaviour;  the  carbonyl  group  with  two  ortho-substiWOB 
less  easily  attacked  than  the  other.  When  some  of  the  d 
stitucnis  are  alkyls  and  the  others  balogen  atoms,  is  is  («> 
that  oxime  formation  is  more  easily  carried  out  the  fn 
halogen  substituenta  (here  are  present ;  nooximesoftribalog 
quinones  can  be  produced,  while  m-dihalogen-alkyl-quiitf 
easily  yield  somewhat  unstable  oximes,  and  mono-l 
thymoquinones  can  at  once  be  converted  into  oximes. 

(4).  Telra-substituted  quinones  give  no  oximes; 
exception  of  naphthoquinones  such  as  ;— 


In  this  case  the  slight  effect  of  the  second  benzene  nuci 
recalls  the  analogous  case  of  the  benzidine  n&mn 
where  also  it  has  little  action. 


md  Baly '  havi^  thrown  doubt  upon  the  c 
s  assumptions  as  to  the  cause  of  the  non-reactivity 
^yl  group.  As  has  already  been  explained  in  the 
jr  section  of  this  chapter,  these  authors  proved  that 
ty  of  a  carbonyl  group  in  any  ketonic  compound  was 
A  to  the  persistence  of  a  certain  absorption  band  in 
B  of  the  substance.  An  examination  of  the  spectra  of 
nonoid  compounds  yielded  the  following  results,  (i) 
)ne  has  an  isorropic  '  band  of  long  persistence,  and 
Ijpi  of  ben/.enoid  character  ;  (2)  the  introduction  of 
icals  or  halogen  atoms  tends  to  diminish  the  per- 
the  isorropic  band  and  to  produce  in  the  spectrum 
%  band,  the  change  being  greater  with  chlorine  than 
I ;  (3)  the  ben!;enoid  character  of  the  compound  is 
In  proportion  to  the  decrease  of  the  isorropic  band. 

facts  the  following  conclusions  were  drawn.  Benzo- 
^ts  almost  entirely  in  the  quinonoid  form.  Tolu- 
bile  existing  to  a  great  extent  in  the  quinonoid  form, 
certain  characteristics  of  benzene,  and  probably 
D  a  manner  similar  to  that  in  which  the  benzene 
ribrates.  Chloro-benzoquinone,  although  still  pos- 
tain  quinonoid  properties,  is  in  a  state  of  vibration 
JDg  more  closely  to  the  intramolecular  motions  of 
Trichloro-quinone,  in  which  the  isorropic  process  is 
Don-existent,  vibrates  in  a  manner  almost  identical 


{nnopic  band  "   is  one  found  in  the  spectra  of  compounds 
A  dlhn  of  the  Eroupings  :— 


jls  head  silualed  approiiiimirly    j 

^W.  489  (1906). 


CO 
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with  the  benzene  ring  vibration.  In  ancyther  paper,  tl 
authors '  had  shown  that  in  order  to  bring  about  the  isoir 
process,  the  quinonoid  structure  had  first  to  be  produced 
the  reactivity  of  the  carbonyl  group  in  quinones  depends  i 
the  isorropic  process,  it  is  evident  that  the  benzenoid  dian 
of  the  substituted  quinones  is  in  itself  sufficient  to  explain 
non-reactivity  without  recourse  being  had  to  the  steric  1 
ranee  hypothesis. 

A  peculiar  case  of  oxime  formation  was  observe( 
Bomstein,*''  who  showed  that  when  hydroxylamine  reacts 
/-tolyl-amido-/-toluquinone-monotolyl-imide,  it  does  not  a 
the  carbonyl  group,  but  instead  drives  out  the  tolyl-i 
group : — 


HC^ 


CH,^ 


\ 


.>N-C 


^\. 


/■ 


HO-N=C\  yCH 
CH, 

He  attributes  this  to  the  steric  hindrance  caused  by  the 
amido  groui)  in  the  ortho-position  to  the  carbonyl  radical. 
In  the  case  of  ketones  whose  carbonyl  groups  do  not 
part  of  a  ring,  many  similar  examples  of  hindrance  have 
observed.     Claus  and  Stiebel "  showed  that  aceto-durol  :- 

CH3    CHo 


CH,-CO<( 


^' 


^CH, 


CH, 


»  Stewart  and  Baly.  Trans.,  89,  489  (1906). 


■///;■    PHf..\0.)fF..\'.-i    OF  STFKIC   /IIXf>h:i.\CE      431 

lid  Dot  be  converted  into  an  oxime,  thuugh  there  appears  lo 
some  doubt  in  the  case  of  aceto-isodurol ' :  — 


I 


CH.-CO^^ 
CH,     CH, 


ckmann'  found  ihal  ben/pinacoline,  C,H^CO.C(C,H.)„ 
'es  no  oxime,  nor  does  phenyl-niesilyl  ketone '  react,  even 
high  temperatures,  with  hydroxylainine.  Feith  and  Davits  * 
}wed  that  at  low  temperatures  no  reaction  lakes  place 
tween  aceloniesitylene  and  hydroxy  lam  ine ;  while  if  the 
opentture  be  raised,  the  resulting  com[>ound  is  not  the  oxime, 
t  a  product  of  the  Beckmann  change.  Baum '  examined  the 
scs  of  dibenzoylmesitylene,  di aceto-isodurol,  and  acetopenta- 
Hhylben^ene,  none  of  which  reacted  with  hydroxylaraine. 
esitylglyoxylic  acid  gave  a  nitrite ;  and  acetomesitylene  an 
lido-derivative.  V.  Meyer"  carried  out  a  series  of  investi- 
lions  of  the  me.sitylene  derivatives,  and  found  that  no  oxime 
ts  formed  by  the  following  nine  ketones,  in  whose  fonnulK 
represents  the  radical : —  * 

CH, 


■CO.CHa         M.CO.CjH,         M.CO.CH,  (normal  and  iso) 
-CO.QH,  M.CO.CH,Cl  M.CO.CHCl, 

CO.CCl.  M.CO.CH.jCH.jCOOH 

'Uh'  could  produce  no  oxime  from  xylyl-t7-tolyl  ketone. 

'  Claus  and  Focking,  Btr.,  »,  3098  (1887)  ;  Baum,  ibid..  38,  3107 

95) ;  V.  Meyer  and  Sohn,  ibid.,  29,  S30,  2564  (1S96). 

'   Ik-ckmuin,  AnttalcH,  3B2,  14  (1SS9). 

"   HaniESch.ZTff-.,  88,  2772(1890). 

'   Fdtliand  Davies./A./.,  M,  3546(1891). 

*   Baum,  ii/i/.,3»,  3207  (18951, 

'   V.  Meyer,  iHd.,  »,  836  (1896) 

'Sailh,  lUif.t  at,  40JO  (/S9i;-  '  ^ 
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All  Che  above  cases  seem  clearly  (oshow  the  effect  ofsfx 
influences  upon  the  chemical  behaviour  or  the  comiioan(l»;i 
must  of  them  it  appears  probable  that  the  methyl  groups  situW 
in  the  ortho- position  in  the  carboiiyl  cadira)  exerl  a  hindcrin 
effect  iiijon  the  reactivity  of  the  latter.  When  other  ketonic  cm 
pounds  are  considered,  the  same  influences  may  be  traca 
For  example,  Harries  and  Hiibner '  Touiid  difficulty  in  uiiii 
rorniation  in  the  case  of  the  ketone : — 

(CH,),=C— C(CH.), 

CH,  -CO— C 

\        I 
CH,— C— CH, 

Pelrenko-Kritschenko  and  Rosen^weig'  noticed  that  in  ti 
case  of  certain  letrah  yd  ropy  rone  derivalives,  oximes  were  m 
formed.     They  showed  that  in  compounds  of  the  type  (U 

where  R  in  the  ortho-position  was  either  a  methoxy 
ethoxyl  group,  no  hindrance  was  noticeable ;   but  no  oxima 
i-ouid  be  produced  from  either  (11.)  or  (III.) : — 


<ii.) 

COOCjH, 


CHa— CH— C.H,.R 


CO 


-CH-dl 


CH CH-CiH 

COO&H, 


(HI.) 
COOC5H, 


CH QH-CH, 

;o  o 

CH CH— CH, 

COOC,H, 
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The  fiact  that  unreduced  pyrone  derivatives  do  not  form 
»xinies  can  hardly  be  counted  as  an  example  of  steric  hind- 
ance ;  this  case  seems  to  find  a  much  better  explanation  in  the 
ormula  for  pyrone  put  forward  by  Collie.^ 

Petrenko-Kritschenko '  has  studied  quantitatively  the 
LCtion  of  hydroxylamine  upon  various  ketones;  his  results 
vill  be  dealt  with  in  Chapter  IV. 

Stewart^  made  some  investigations  on  the  effect  upon 
3xime  formation  of  introducing  substituents  into  certain  ketonic 
:ompounds.  Among  the  figures  given  by  him  are  the  follow- 
ng:— 


Ketone. 


Acetone 


Methyl      ethyl  \ 

ketone 
Methyl  iso-pro 

pyl  ketone 
Pinacolin    . 


Formula. 


CH,COCHa 


10 


45* « 


497 


CH,COCH,CH,    I  36  6    392    392 

CH,COCH(CH,)2l  314    3»'5    320 
CHaCOC(CH,)j     I  12-9    170124-5 


30 


50 


40  n 

iinutes. 

50-1 

%  oxime 
formed 

39*2 

»» 

320 

»> 

24-5 

>> 

it  has  been  found  that  in  the  case  of  some  ketones,  a  hind- 
rance to  the  formation  of  hydrazones  can  be  detected  which  is 
similar  to  that  found  in  the  case  of  oxime  formation.  The 
effect  is  most  marked  in  the  aromatic  compounds ;  for  instance, 
ketonic  compounds  of  the  type  : — 

CH3 


CO— CH. 


do  not  react  with  phenylhydrazine  * ;  but,  in  some  cases,  when 


*  Collie,  Trans.^  86,  971  (1904). 

*  Petrenko-Kritschenko,  J.  pr,  Chem.,  [2]  61,  431  (1900);  Ber.,  34, 
1702  (1901) ;  89,  1452  (1906). 

'  Stewart,  Trans,,  87,  410  (1905). 

*  Baam,  ^a-.,  28,  3207  (iSgs) ;  V.  Meyer,  ibid.,  a»,  ^3^  V^^^^- 
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anollicT  group    is    substituted   for   the    methyl   of   ihc  acd)! 
radical,  the  raiiaciiy  of  hydra/one    fonnatioii    reltims  lo 
ketonu.     Examples  of  this  are  mesityl-glyoxylic  acid  (1.), 
its  dinitro-derivative  (11.) : — 

CH,  NO.    CH, 


CH, 


CO-COOH 


CH; 


CO-COOH 


CH, 

This  is  probably  due  to  some  change  in  the  chemical  uatuit 
of  the  compound  brouglil  about  by  the  introduction  of  the  new 
grouiJ.     V.  Meyer  and  Kullgren  '  studied  the  effect  of  var 
side-cliains  attached  lo  a  mesJtyl  nucleus,  and  found  that 
following  compounds  did  not  teacl  with  pheiiylhydraiiiw;. 
the  formuls,  the  mesityl  radical : — 
CH, 


CH, 
is  represented  by  M  : — 

M.CO.CH».Cl 

M.CO.CH.CI, 

M.C0.C.C1. 

M.CO.CH^CH.j.COOH 
Bamberger  and  Rising-  found  that  aryl-hydra/.ines  had 
action  on  mesityl- qutnol,  (I.),  though  the   lower  homologuc, 
(11,),  reacted  with  them:  — 


CH,-C:CH     ^OH 


(II.J 


'  \.  Meyer  and  Kallgren,  Brr.^  SB,  B36  (iIIqC). 
■  BambcTiLci  anil  9.\nni,  ibwi.,4^  ^ifi  V><y»V 


#111 
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lerzig  and  ZeiseP  found  that  neither  penta-  nor  tetra-ethyl- 
hloroglucinol  formed  a  hydrazone : — 


OH 

I 

C 


Cr»ri. 


C,  Hi 
CO 


OH 

I 

c 


CO 


CjH,     C,H,       OH 
and  p 

,QH, 


'C,H.,Cf/\c:  C,H,,C 


CO 


Cj  H;, 

CO 


or 


CO 


/ 


\ 


H 


C.H 


2**5 


CO 


c 

/  \ 


C 

/  \ 

C.  Hj  QHj 


Wedekind/  in  studying  the  action  of  picric  chloride  on 
iromatic  bases,  observed  that  though  the  compound  (I.) 
brmed  a  hydrazone  with  ease,  the  substance  (II.)  could  not 
3e  induced  to  react  at  all : — 


CH«— CO 


(I.) 


NH— C«H2(NO,):, 


NH-CoH,(NO,), 


CO— CH« 
(II.) 

Somewhat  similar  effects  have  been  noticed  in  the  open- 
:hain  ketones,  though  in  their  case  the  hindrance  is  not  so 
trongly  marked. 


'  Herzig  and  Zcisel,  Ber.^  21,  3493  (1888). 
'  Wedekind,  idiJ.,  33,  426  (1900). 
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Effci— i'  (nnd  thsi  pfao^lhydniiDe  roos  witb  the 
nMbj-l-  and  mono-ccfajrl-acetooe-dkxfboxjrlk:  ester  ;  bni 
actkm  on  tbc  dimethyl  and  diethyl  derivatirts.  In  this  ax 
(he  introdoctMni  erf  the  alky)  groups  b  suHkient  lo  jnoiiiKe 
hindrance,  whkb  '<&  ibown  also  in  the  case  of  the  i  ,4-diki:t(]oa 
■rhicb  have  been  studied  by  South  and  MacCoy.'  TIkt 
notittd  liul  while  [Aenyl  hydtaiine  easily  con^-ens  desjl^ 
acetojfhenone,  (I.),  into  a  pyridazine  derivaiife,  it  has  m 
on  tbu  oE-iwjnu^,  (II.),  nordoL-s  it  act  upon  desyl-aceiomesium, 
acetomesitylene,  beDzoylmesitylene,  dibeozoylmesityknc, 
pruj/i  ony  I  -i»odurol . 


CH,        CO-Q.H. 
(11,^ 


C,H.-CH-CO-QH, 
1 
CH,— CO— C,.H, 

(I.) 


Petrenko-Kritschenko     and     Eltschaninoff'     have     ini 
quantitative  examination  of  the  velocity  with  which  phcnyl- 
hydra/inc  reacts  upon  ceruin  ketones.     The  rollowing  figu 

HiviiiK  ruliitivc  velocities  are  relevant  to  llie  present  question 


.\tcloiic     .... 
Methyl  ethyl  ketone     . 
Methyl-«-propyl  ketone 
Ace  tony  lace  tone     .    - 


66 
38 


When  [lenlucliloride  of  phosphorus  and  benzoic  add  are 
allowed  to  interact,  benzoyl  chloride  is  produced ;    but  if 
hydroxy -benzoic  acid   be  used,  it  forms  a  jjhosphorus  dof 
vativc,"  thus  - 

'  Pt'licoko-Kritichciiko,  riaucbcwsky,  Hcrechkowitsdi  and 
Ktr.,V^  3*53  ('897). 

•  SiiHlli  anJ  M»cCoy.  iMJ.,  SS.  J171  (190JI. 
'  IVciTDko-Kiilicbenko  and  KIlHJuniiiolT,  .^inm/ivi,  HI,  ljo|t9^ 

*  Aiuchuli    And   Mume.   tM'.,   tM,    joS   (iSSj)  ;    Itt,    314,   JJJ 
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OH  ^OH 

CtH,-COOH  +  PCI,  =  HCI  H-  POCl,  +  QH.— COCl 


QH,— COCI  +  POCIj=  HCI  +  C.H,— COCl 

Axischiit/  and  his  students '  have  shown  that  the  reaction 
follows  this  course  only  when  there  is  no  substifucnl  in  the 
ortho-posilion  to  the  hydroxyl  group.  Should  such  a  suh- 
stituent  be  present,  the  reaction  lakes  the  course  shown  below, 
the  phosphorus  oxychloride  liaving  no  action  : — 


OH  +  PCI,  =  HCI  +  FOClj  + 


Anschutz  has  shown   that  llie  action  lakes  place  llius  i 
case  of  the  following  substances  : — 

3- Methyl-sal  icy  he  acid.        3,5-DiDilro.salicylic  acid. 


3-Chloro-salicylic  acid. 

3-Nitro-sa!icylic  acid. 
3,5-Dichloro-salicylic  acid. 
3,5-Dibroino-s3licylic  acid. 
3, S-Di-iodo  salicylic  acid. 


3-Nilro-5-chlorosahcylic  ai  id, 

3-Niiro-s-bromo-salicylic  acid. 
3-I!romo  5-nitro-salicylic  acid. 

Hydroxy-uvitic  acid. 
a-Hydroxy-/J-naphthoic  acid. 


It  seems  probable  that  the  phosphorus  addition  product 
occupies  a  certain  amount  of  space,  and  that  there  is  not 
sufficient  room  for  it  to  form  if  the  hydroxyl  group  is  sur- 
rounded by  other  atoms,  as  it  will  be  when  the  two  ortho- 
positions  are  occupied  by  radicals. 

One  of  the  earliest  cases  of  hindrance  in  the  reaction  of 
anilide  formation  was  noticed  by  Bischolf  and  Walden,"  who 


Anschiili  and  oihers  Btr.,  80,  aai  (1897). 

KaJioff  aod  Walifen,  ^ui.,  SS,   1972  (1S90)  -,  lb,  191^,  ^V<  Vl^ 

;,-  98,  XOS  (1S93). 
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(oond  ifau  ifac  mtTodacuoa  of  ucthfl  and  acyt  nfiak 
hindrred  liitr  lucaulion  of  pipcmine  (fenmivi:^  Budul' 
n»t  inratigated  the  fate  of  fonuaiioa  uf  various  aniltda  U  i 
Veui^fOitatK  of  loo"  C.  according  to  iht  eqoatioD — 

X.COOH  +  ll,N.C,H.  =  H^  -(-  X.CO.NH.CH, 

He  (bond  the  foUowii^  pcnxntages  of  antlide  fonned  in  cftui 
timei;  — 


CH,  .  .  .  o 
C.H.CII  .  ,  o 
C.II,CII^II,.  o 
CJI,CH£H  .  a 


.  HOXH,    .      .  4t-4 

1  HO.CmcEI.I    iSi 

,  HO.cmC.H,)  »^ 

I  HO.CIi(C,H.(  ifti 

I  »O.C(t;lI,J,  .     7-1 


c."rf.:  : 

■rf-'.H,   .     .     . 

«-t,H,  .  .  . 
(CH,i,.rH  .  . 
(CH.),. CH.cn,    oo    1  I 

Tlic  pcTccniagea  or  loluidide,  ([.),  M-xylidide,  (11.), and  methyl- 
anilidc,  0"-)>  I'[u>lu(^d  with  vaiious  acid:i  at  ioo''C.  are  given 
below ;  - 


X 

.. 

II. 

MI. 

IV. 

Pcrcenl. 

Per  cenl. 

P„c».. 

Per  ecu. 

ipa 

9S<» 

94-6 

9a-o 

cii, .     :  ! 

176 

3- -6 

26J 

as-o 

«:,i( 

7  "a 

11-9 

3-6 

16-0 

-'CH,  ■ 

^■^ 

3-0 

09 

8'D 

■•C,H,  .     ,     , 
»-C.(l,    .     .     , 

4'2 

j;4 

IS 

%-Q 

14 

03 

^■c.u,   .    ,    . 

av 

IIO.CII,      .      , 

38-4 

44-6 

ao'4 

13« 

iio,i;ti(iii  t  . 

ao'4 

•6-5 

ii-S 

IJ-O 

lin.(ii(C,lf,). 

'45 

4-9 

3^ 

iu>,.;ilii-.ll.). 

U'l 

147 

61 

iin.iiiti,),    . 

»"4 

o-o 

riH'  follrtwinH  tabic  -'  show;,  llie  atiecl  of  tile  introduction  o( 


M,  /itr. .  M,  a^t^  u^T.  MT$.  MH  (1897). 


^^^^^^M 

^^^^^H 

^^^^H 

^^H 
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ijitbslicuents  into  aniline ;  a  represents  a  propionyl  radical,  I'  a 
phenylatetyl  radical  :— 

SBlBihnenu  of 
aniline. 

Otiho- 

Mew- 

Fata- 

a         6 
91      43 

(  l' 

(1       /' 
54     43 
6i      49 

O         42 

59      77 

Kroni  Ihese  two  sets  of  results  it  appears  that  hydro\yl  radicals 
exercise  a  favourable  influence;  while  the  phenyl  group  has  a 
greater  hindering  effect  than  methyl;  branching  of  the  open 
chain  also  tends  to  hinder  the  reaction.     Bischoff  points  out 
that  if  the  fJynamic  Hypothesis  be  applied  in  this  case,  it  leads 
lo  the  conclusion  that  valency  may  have  some  connection  with 
sleric  hindrance  :  for  if  we  arrange  two  systems  in  the  usual 
chain  we  find— 
1  CH,,^ 

2CH-CH,-C0-U     NH,-C,H.                               , 
/ 
ICH, 

(II.)   Unfavoutnblc.                                                                  " 

In   (\.)  the    oxygen    atom    stands    in    the    S-position    to   the 
methyl  groups,  while  in  (II.)  the  nitrogen  atom  is  thus  placed; 
and  if  we  adopt  the  vibration  idea  of  valency,  it  will  he  seen 
that  the  oxygen  atom  is  liable  to  collide  with  two  radicals  (the 
CO  and  NH,),  and  thus  must  move  in  two  directions ;  while 
the   nitrogen  atom  in  (II.)  collides  with   three  (CO,  H,  and 
phenyl),  and  therefore  moves  in  three  directions  :  from  which 
ii  seems  probable  that  it  has  more  chance  of  collision  with  the 
methyl  groups  than  the  oxygen  atom  has. 
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\ 


Vnrtjindn  and  Weissbreitnei '  found  that  vhcn  affimonu 
wa*  allowed  to  act  for  one  and  a  Kilf  to  two  houn;  upyi 
the  diethyl  estct  of  phenylglycin-i^-caiboxTlic  acid,  a  cenain 
quantity  of  a  monamide  was  formed  aJong  with  ibc  dtamide, 
which  appeared  to  point  to  the  fact  that  there  was  not  eoou^ 
■pace  to  allow  the  entrance  of  the  second  amido-group.  The 
name  remit  was  observed  when  aniline  was  substituted  f»t 
amraonia.  The  most  recent  work  in  this  bianch  of  the  subjeO 
is  due  to  Fischer  and  Dilthey,'  who  studied  the  aciioo  of 
ammonia  upon  alkyl'matonic,  phenyl -acetic,  and  benzoic  esten. 
Their  results  with  liquid  ammonia  at  17  C.  are  shown  in  ifw 
tahle  below : — 


Haloniuiiide  .  .  . 
Hclhyl-miloiumide  . 
Elh  yl -nuloiumule 
Propyl -malonaroiijc  . 
Dielhyl-iiMloiuniide  . 
Dipmpy  I  •  mutomimide 
Phenyl -aceininiile 
BenumiJe      .     .     . 


The  last  two  numbers  give  the  amount  formed  after  26  hoots 
at  laj"  C,  with  alcoholic  ammonia,  saturated  at  0°  C. : — 


Kthyl-iiMlonnniiile 
Propyl^nwloniimidc  . 
Dinielhy  1-mnlorutiii  ide 
[)ielhyl-nialunainldi!  ■ 
DipTony1-iiui|iinatnid« 
Phenyl  ■ocetRinide 
Bcnumlde      .     . 


•  \'i)iliinricr  •nd  Wcaslirenner,  Bfr.,  S3,  556  (190O)- 


ace  relations  appear  lo  affect  certain  reactions  of  the 
itic  bases,  io  a  few  cases  to  such  an  extent  as  to  alter 
hole  chemical  character  of  ihe  substances  in  question, 
ices  are  lo  be  founcl  in  the  work  of  Weinbei^,'  Bernthsen,- 
isliehl,^  Eiisch,'  Blumer,''  and  Gnelitn,"  For  instance,  it 
n>  that  usually  a  seconilary  base  has  not  the  property  of 
■nsing  with  an  aldebyde  to  form  a  derivative  of  trjphenyl- 
,ne ;  but  if  a  methyl  group  be  introduced  in  the  ortho- 
on,  the  compound  becomes  capable  of  uniting  with 
(Hies,  and  in  this  resembles  a  tertiary  base.  In  other 
;(I.)  behaves  like  (11.)- 

R      H  ^^^^ 

R 

>ain,  in  the  cases  of  nitrdso- com  pound  formation  and 
ng  with  diazo-com pounds,  somewhat  similar  phenomena 
oticeable.  When  treated  with  nitrous  acid,  a  tertiary 
lie  amine  with  no  substituent  in  the  para-position  to  the 
en  atom  is  converted  into  a  nitroso-body  ;  but  if  a  methyl 
be  introduced  in  the  ortho-position  to  the  nitrogen,  this 
9  destroyed.  Dimethyl-aniline  combines  with  diazo- 
mnds  to  produce  amido-azo  bodies,  but  here  also  the 
uclion  oF  an  ortho-substituent  has  a  hindering  effect 
the  reaction.  Friedlander'  explains  these  facts  by 
ing  that  in  all  three  cases  the  first  step  is  the  formation 
addition  compound  with  the  reagent  used  (aldehyde, 
i  acid,  or  dia/o-compound),  and  that  thereafter  an  intta- 
ular  change  takes  place,  resulting  in  the  production  of  a 

'  Weinberg,  Ber..  86,  i6io  (1892)  ;  96.  307  (1893), 

•  Bemlhicn,  /*«/.,  28,  jiaS,  3366  {1891). 

•  Rosenstichl,  Compi.  mr/.,  US,  180(1892). 
■  Busch,  Ber.,  32,  1008  (1S99). 
'  Blamcr,  AnHalni,  804.  87  (1898). 

•  Gnehm.f'hV.. 304,  95(1898). 
'  Frir^iader,  AlMalih.,  19,  627  (iSgS), 
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para-subsliluted  compound.  The  presence  of  otllio-suhsiiluenlil 
lends  lo  hinder  the  formation  of  the  atldilion  compoimd.  andl 
so  prevents  the  re.iction  taking  the  usual  course. 

Morgan '  found  that  the  successive  replacement  by  metlij(j 
of  the  hydrogen  atoms  X  in  m-phenylene-diamtne  :— 


X 


NH, 


X  NH., 

decri;ases  the  reactivity  of  the  amJdo-group ;  and  when  all  three  I 
X  atoms  ore  replaced  by  radicals,  methyl  bromide  or  chloride  I 
has  no  action  on  the  compounds. 

On  the  other  hand,  Graebe"  has  showti  that  in  some  c 
an  ortho-.siihstitiient  may  exercise  a  favourable  influence  u 
the  course  of  a  reaction.  He  found  that  the  replacement  o 
the  ketonic  oxygen  of  benzophenone  derivatives  by  the  r; 
C,Hs— N:  was  rendered  more  easy  when  one  orthg-subsliluc 
was  present. 


Quantitative  exjieriments  seemed  to  show  that  the  chemicall 
nature-  of  the  subslituent  had  a  considerable  influence  upon  the  I 
amount  of  hindrance  caused  by  it ;  so  that  it  is  hardly  possibk  J 
to  consider  the  phenomenon  as  one  depending  wholly  « 
Stereochemical  relations. 

Menschutkin  "  showwl  that  in  the  arelylalion  of  amittes 
ortho-substituent  had  a  greater  hindering  effect  than  meta-ai 
para-substituents.     His  figures  for  the  toluidmes,  arrived  i 
acetylalion  at  183°  C.  without  a  solvent,  were  : — 


'   Morgan,  rraxj,.  81.  650(19021. 

•  (.irade,  Bfr.,  S9.  1678  (1899)- 

»  McnstbuVVin,^.  Rhu,  Phyi.  Cli(m.S«.,M 
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Orlhv-  Mcla-  i'ara- 
30  minults  ,  .  42  6  587  67-5 
10  hours (157         7a'4         Si-6 

Poloiki '  studied  the  acetylation  of  some  unsaturated  amines, 
and  was  able  to  confirm  Menschutkiii's  conclusion  that  the 
-velocity  of  acetylation  could  be  used  to  determine  whether  a 
given  amine  was  primary,  secondary,  or  tertiary.  Cybulsky^ 
mciisured  the  speed  of  acetylation  of  certain  derivatives  of 
.luinolinc  and  naphtlialenc.  His  results  for  a  lemiitrature  of 
3io'  C  were  as  follows  ;  — 

A  III  uu  II I  foriiini 
SulfiUncc.  inbalfalihutir. 

Aniline    .,-.......  687 

«-Naphthylamine 35'o 

/i-Naphlhylaminc 69'i 

tt-Tetrahydronaphthy  [amine     .     .     .  63-3 

^■Tetrahydronaphthylamine  897 

Telrahydroiiuinoline i6-8 

Telrabydro-ii-toluquinoline  .     ,     .     .  I'a 

Telrahydro-OT  loluquinoline       .     ,  li's 

'I'etrahydrojO-loluquinoline  ....  207 


§   VIII.      DECOMFOS/riO.V  AND   I'O/A'Mt.A'/SATION. 

When  a  compound  under  certain  conditions  has  a  tendency  to 
break  down  in  any  way,  it  is  usually  possible  by  substituting  in 
it  complex  radicals  for  simple  ones  to  facilitate  its  decomposi- 
tion. The  reason  for  this  appears  to  be  that  the  Bubstiluents 
lake  up  a  certain  amount  of  siKtce,  and  that  in  this  way  the 
rest  of  the  molecule  is  more  crowded  together  tlian  it  was 
originally  ;  as  decomposition  entails  the  loss  of  several  atoms, 
ii  will  tend  to  lessen  the  crowding  effect,  and  hence  the  more 
siibstituents  we  introduce  the  more  decomposition  ensues,  In 
order  that  a  condition  of  stability  may  be  reached. 

'  Fotoiki,  y.  Riui.  Phys.  Cheat.  Sic.,  89,  jifl  U90i\. 
*  Cybaiiky,  md.,  aig. 
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A  case  in  point  is  that  of  the  substituted  malonic  ac 
The  reaction  takes  place  as  follows : — 

COOH  COOH 

X-C— H  =  CO,  +  X— C— H 

I  I 

COOH  H 

The  figures  below  give  the  percentage  of  acid  thus  decomp 
in  five  minutes  where  X  varies : — 

X.  Per  cent.,  decomposed. 

(CH3)2.C- 37-4 

CH,- 392 

CH3.CHJ8- 42  5 

H- 42*9 

CHa.Cix.j.Orio-     ....  44*9 

CH.,:CH-CH.r 6y4 

C«H,-CH.,. 698 

Substituenls  appear  to  influence  the  ease  with  v 
hydriodic  acid  is  lost  by  some  alkyl  iodides,  as  the  folio 
figures'-  show.  They  represent  the  maximal  velocity  ol 
reaction  between  alcoholic  (X)tash  and  the  alkyl  iodide  :— 

4.00 I — C(CH3);, 

CH, 

2.32 I — CH 

CjHft 

1.42 I— CH2— CH(CH,), 

1.42 I— CH(CH3)., 

1. 00 I— CHo— CH.,— CH, 

0.83 1 CHa CH;j 

050 I— CH.,— CH,— CH.,-CH; 

In  neither  of  the  last  two  cases  does  there  seem  to  be 
general  conclusion  to  be  drawn  from  the  figures,  at  lea 

'  Hjell, //fr.,  27,  1178(1894). 

'  Brussow,  7.  Kiisj.  Phyi.  CKem,  Soc,  ^,  ^  Vvf*A\  Zeii,  ^) 
iem.,  84,  129  (1902). 
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ference  to  the  infliiencc  of  sftecial  grouiJs  :  they  serve  merely 
indicate  that  when  one  group  is  suhstltuted  for  another  a 
Haiii  change  in  the  character  of  the  substance  takes  place, 
bich  piobably  is  due  to  spacial  relations. 

Several  other  cases  may  be  described  in  which  substituent*  | 
ssist  a  decomposition  reaction.  When  certain  phenoxy -fatty  J 
ciils  are  distilled,  they  break  down  according  to  the  folioi 
((umion : — 


C.H,— O" 


-C— COOH  = 

I 


C,H,— OH  +  CH,:CX— COOH 


X  be  a  hydrogen  atom,  the  methyl  group  can  be  replaced  by 
lyl  or  iKopropyl,  and  the  acid  will  remain  stable  under 
itillation ;  but  if  X  be  a  methyl  group  then  all  three  acids 
1  break  down  as  shown  in  the  equation.' 

Hoogewerff  and  van  Dorp'  have  found  that  while  aceto- 
enone  cannot  be  broken  down  by  sulphuric  acid,  ortho-mono- 
1  di-subslituted  acelophenones  can  be  thus  decomposed; 
i  Muhr*  has  observed  a  similar  instance  in  derivatives  of 
'boxylic  acids.  He  found  thai  though  benzoylpropionic  acid 
s  stable  in  the  presence  of  hydriodic  or  hydrochloric  acid,  its 
Ortho-dimethyl  derivative  was  decomposed  by  heating  with 
liiodic  acid  in  accordance  with  the  following  equation ; — 

cn. 


CO— CH.,— CH.;— COOH  +  H,,0  = 


H  +  HO.CO— CH,— CH~— COOH 


V-  CH, 

•  Rischoff,  Bff..  S3,  928  (1900). 

*  Hwijeweiff  and  van  Dorp.  Proi.   A".  .(*«,/.    WcUnuh.   \TOi.l.a4iw, 

'J.  m- 
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Klsigcs  aiid  Lickrath'  have  cumtiml  the  bcbarkiu 
lltctr  [ihrMiihoric  eaten  of  ketones  *  when  heated ;  and 
found  that  KabstitueoU  have  a  great  effect  a^m  the  sUbift 
the  comffoundb.  Their  niL-tbod  was  simply  to  boil  the  ki 
with  pJMMphoric  acid,  producing  the  corresponding  hydrocai 
ami  fatty  add,  no  isolation  of  the  intermediate  ester 
attempted  in  this  case. 

R— CO— CHj  +  HjO  =  R.H  +  HU.CO.CH, 


(L) 


(11.) 


(IV.) 


(VO 


(VI.) 


(VIII.) 
R' 


■  mx 


|)Ounds  of  type  (1.),  R  was  a  methyl,  ptopjk 
butyl  radical;  in  (U.)  Rand  R' were  both  methyl;  infill 
was  propyl  and  R'  was  ethyl.     No  decomposition  look  ^ 


'  K\«f""*^^^^^*^' "*'■■''*•■ 
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Jthese  cases.  Tlie  lypes  (IV.)  and  (VI.)  were  decom- 
psing  their  pRreiil  hydrocarbons,  jn  eight  hnurs  to  the 
o  30  per  cent.  ;  (V.),  in  the  same  lime,  was  corn- 
decomposed.  The  influence  of  a  greater  number  of 
ucntfi  is  practically  nil,  and  no  difference  is  noticed  when 
lyl  is  snUtituted  for  methyl  in  R  of  (VH.).  In  (VIII.),  if 
lenzyl.and  there  be  no  substituents  in  the  place  of  R',  no 
position  occurs:  when  three  methyls  are  introduced 
I  of  the  R'  radicals,  decomposition  takes  place, 
^nschntkin,  Rriger,  and  Ditrich  '  studied  the  decomposi- 
r  various  organic  salts  of  dimethylamine    when    heated 

R.CO.ONR,(CH,),  =  R.CO.N(CH„),  +  H^O 
<llowtng  figures  give  the  amount  of  decomposition  during 

Atid.  Amouni. 

Acetic 8479 

Propionic Si'59 

«-Butyric  .  7611 

/-Butyric    ,  ....  4857 

Benzoic     ....  i32fi 

o-Toluic '94* 

iwToluic 2644 

/-Toluic *4'89 

IMesitylenic *9'34 

Phenyl-acelic TS'^i 

Phenyl  propionic     ...  7144 

these,  and  also  from  his  previous  re.searches  '  on  the 
subject,  Menschulkin  draws  the  following  conclusions, 
■ate  of  amide  formation  is  greatest  with  normal  fatty 
I  forking  of  the  chain  decreases  it  more  or  less  according 
hearboxyl  group  is  near  to  or  removed  from  the  fork, 
■atic  or  tertiary  fatty  acids  the  rale  of  formation  is  low ; 
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side  chains  in  the  ortho- position  lower  the  rate,  while  those  in 
the  meta-  and  para-positions  may  accelerate  it.  Atonuuc 
acids  in  which  the  carboxyl  group  is  attached  to  the  side  cbin 
are  analogous  to  fatty  acids ;  they  show  great  reaction  velocih 
in  normal  thains,  but  a  decrease  when  the  chain  branches. 

Crafts '  has  found  that  methyl  groups  exercise  a  considei- 
able  influence  upon  the  decomposition  of  the  sulphonic  acid' 
of  mesitylene  and  pscudocumol ; — 


(I.) 


CH, 
SO,H 


CH, 


CH, 

SO,H 
"CH, 


When  treated  with  38  per  cenL  hydrochloric  acid  at  80°  C, 
(I.)  is  hydrolysed  in  fifteen  minutes,  sulphuric  acid  being  libett 
ted,  while  (II.),  even  after  five  hours,  shows  no  signs  of 
decomposition. 

Very  few  facts  are  known  whi<'ii  throw  light  upon  th( 
relation  of  steric  intluences  to  the  phenomenon  of  polymeria- 
tion.  The  influence  of  substitutt^d  methyl  groups  is  shown  in 
the  case  pf  the  polymerisations  of  acids  belonging  to  the  acrtk 
series.  Acrylic  and  ii-methyl -acrylic  acids  can  be  polymeriK^ 
but  ^-methyl-acrylic  acid  cannot.  Auwers,'  in  the  coune 
his  cryoscopic  researches,  Itas  shown  that  the  faculty 
by  phenols  of  forming  complex  molecules  in  solution  is 
influenced  by  substitution  in  the  orlho- position. 


5   l\.   CONCLUSION. 

In  the  preceding  sections  of  this  chapter  a  detailed  a 
has    been    given   of    the    most   important    researches  on  d 
phenomena  of  steric  hindrance,  and   at    this   point  it  s 


■  Ctafti,  Bcr.,  34,  1360  (1901). 

■  Auwcr^,  Ztii.  physikal.  C*im,,  «.  6ii  (189O  j  M,  337  (1896)1  * 
«,  3039(189*)- 
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desirable  to  summarise  ilie  results  to  which  these  researches 
have  led  us.  For  the  sake  of  convenience  the  conclusions 
may  be  classified  under  the  same  heads  as  were  used  i 
rase  of  itii.-  experimental  work. 

Esteriflcation. — The  velocity  with  which  any  ester  is  formed  ) 
depends   upon  several  factors,  the  chief  ones  being  (1) 
method  of  esterilication,  (;)  the  structure  of  the  given  acid,  and 
(3)  the  structure  of  the  given  alcohol.      As  regards  the  first  i 
factor,  it  is  found  that  spacial  influences  api^car  to   play  no  ] 
noticeable  part  in  ionic  reactions;    but  when  the  reaction  is  ' 
non-ionic  (as  in  the  case  of  esterification   with  alcohol  and  1 
hydrochloric  acid),  space  relations  exert  a  greater  influence 
upon  the  course  of  the  reaction.     In  the  case  of  alcohob,  it  | 
has  been  observed  that  when  the  same  acid  is  esterified  with 
three  isomeric  alcohols  (normal,  secondary,  and  tertiary),  the  ] 
amounts  of   ester  formed  under  identical  conditions  differ 
considerably  in  tlie  three  cases,  the  normal  alcohol  yielding  \ 
most,  the  tertiary  one  least,  ester.     This  is  attributed  to  the  'l 
accumulation  of  substituenis  round  the  hydro^yl  group  in  the    | 
cases  of  the  secondary  and  tertiary  alcohols.     A  similar  phe-    i 
nomenon  is  observed  in  the  case  of  a  normal  and  an  isomeric    [ 
iso-acid  when   they  are  esterified  with  the  same  alcohol,  the 
iso-acid  yielding  less  ester  than  the  normal  one  under  the  same 
ronditions.     In  the  case  of  unsaturated  stereo  isomeric  acids,   / 
the  spacial  position  of  the  substituents  appears  to  exercise  a 
marked  influence  on  the  ease  of  esterification.     The  following 
formula?  give  an  idea  of  the  results  obtained  ; —  1 

V— C-H  H— C— Y  1' 

II  II  I 

X— C— COOH 

IC^Iy  csli;rllicd. 

V— c— z 


X— c 

-COOH 

Iliud 

,  Mln[f.. 

i^C- 

-Z 

II 
H-C- 

-COOH 

li>il,. 

eslerilie<l. 

Saturated  acids  are  much  more  easily  esterified  than  the  corre- 
sponding tinsalurafed  ones ;  e.g.  butyric  acid  \s  easvtr  «»  esVexA-j 


r 


than    rrolonic   acid.      Tbe   inSoettce  of   mbstituenb  »  ^ 
(-onfini.-(l  to  mrmo-ha^c  fiiUjr  acids,  but  is  shpmi  ibo  ■ 
ffol)'4fa!n>:  (ally  and  alicytiic  series 

Turning  now  to  the  aromatic  acids,  «rc  find  a  smiln  k 
of  phenoniefu.     Benzoic  acid  is  easily  esleriSed  ;  but  A^ 
Mituied  benzoic  adds  of  the  lype :  — 
COOH 


where  X  represents  an  alkyl  radical,  nitro-groop,  or  tulega 
atom,  are  hard  lo  eslerify.     It  seems  to  be  proved  ihai  lit 
reaction  is  influenced  by  Ihc  si^e  or  weight  of  X  rather  than  ii 
iLs  ctiumical  character.     Similar  results  have  been  obtained 
the  case  of  aromatic  di-  and  poly-basic  acids. 

1-'rom  the  results  now  available,  it  seems  clear  that  esteria 
lion  by  means  of  hydrochloric  acid  and  alcohol  takes  plaaia 
two  stages  :  — 


(I.) 


(II.) 


:t— C-OH   +   KiUH   =  R— C— OH 

OEl  OEt 

R_C-OH   =   R-C=U  +   H,0 


Thi:  compound  formeil  it  Stage  (1.)  contains  the  large  group 


k 


ami  a  the  mili'.l'Hv\ei\Vs  i 


-C— OH 


*ii 
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^cupy  so  much  space  as  to  prevent  the  entry  of  an  alcohol 
olecule,  this  intermediate  product  will  not  be  easily  formed, 
ici  the  yield  of  the  ester  will  consequently  be  small. 

Hydrolysis. — This  reaction  also  is  supposed  to  require  the 
•rmation  of  an  intermediate  compound,  which  in  the  case  of 
iter  hydrolysis  would  be  represented  thus : — 


<!•) 


R-<f- 


o 


OEt  +  H,,0  = 


/OH 

R— C— OEt 
\ 


OH 


(II.) 


R— 


/OH 
C— OEt 


/ 


OH 


=  R-C=0  4-  EtOH 


]-• 


'he  same  influences  come  into  play  here  as  in  the  case  of 
sterification ;  hence  we  find  that  the  ester  of  a  simple  acid  is 
lore  easily  hydrolysed  than  that  of  a  substituted  acid.  This 
olds  good  in  both  the  aliphatic  and  the  aromatic  series. 

The  hydrolysis  of  a  nitrile  also  takes  place  in  two  stages  : — 


(I) 


R~C=N   +  HaO  =  R— C— NHa 

O 


(II.) 


R— C— NH«  4-  H2O 


=   R— C-  ONH, 


S: 


O 


ubstituents  in  the  group  R  will  therefore  exercise  an  analogous 
ffect  in  this  case,  and  also  in  the  hydrolysis  of  amides  to 
mmonium  salts  (Stage  (II.)  above). 

Chain  Formation.  —  When  two  substances  by  reacting 
>gether  form  an  open-chain  compound,  the  yield  of  the  latter 
ody  will  depend  very  largely  upon  the  structure  of  the  two 
rigina]  compounds.     It  has  been  shown  lV\a\.  "\^,  \v\  ^^  ^wA 


"■'-■H.X  . 

"".)  Bad  ,id<l- 

"CH^CH^X  X.C 

'»»  "as  menlioned  ii 
""  gi'e  rise  ,„  ,„ 
'"f'™'»te  m  rtici 
r>6-positions. 

Intnunolecnlar  CI 
"""  "'ol™!.,  ,ea„a, 
*<'«"<;',tl.=  ™„,p„„„d 

incy  have  in  (lli)_ 
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NH, 

Addition. — When  new  atoms  are  introduced  into  a  mok- 
ule,  the  ease  with  whirh  they  enter  depends  to  some  extent 
ipon  the  amount  of  space  available  within  the  molecule.  By 
epiacing  small  groups  of  atoms  by  larger  radicals,  addition 
eactions  may  thus  be  hindered.  It  should  be  noted,  however, 
bat  in  some  cases  a  compound  (say  XVZ)  may  only  bi,*  formed 
nth  great  difficulty  from  two  of  its  possible  constituents  (say 
C  and  YZ),  while  if  two  other  constituents  (Y  and  ZX)  be 
tilized,  its  formation  may  be  quite  easy, 

Subatitntion.^Since  probably  most  substitution  reactions 
te  carried  out  in  two  stages,  ihc  first  of  which  is  an  addition 
eaction,  it  is  to  be  expected  that  spacial  influences  will  affect 
ubstitution  reactions,  just  as  they  modify  addition  reactions. 
luch  effects  have  been  observed  in  the  cases  of  many  reactions, 
^,  acetylation,  oximation,  anilide  formation,  and  the  action  of 
rnmonia  upon  esters. 

Decomposition.^! f  a  compound  be  easily  decomposed,  its 
lomologues  are  often  found  lo  be  more  unstable  than  the 
larent  substance.  The  reason  for  this  must  be  souglit  in 
pacial  relations.  In  the  parent  substance,  we  may  suppose 
hat  the  atoms  are  "  crowded  together"  and  have  not  sufticient 
ree  space  for  their  vibrations.  If  this  free  space  be  still 
urther  diminished  by  the  introduction  of  more  atoms,  it  is 
ibvious  that  the  "  crowding  "■  may  become  so  great  as  to  force 
,  decomposition. 


i 


CHAPTER   II. 

THE   RELATION   BETWEEN   SPACE  FORMULA  AND 

CHEMICAL   PROPERTIES. 

In  considering  the  question  of  the  stability  of  cyclic  com- 
pounds, there  are  two  ways  in  which  the  problem  may  be 
approached :  for  the  stability  of  a  ring  compound  may  be 
deduced  cither  from  the  ease  with  which  the  ring  can  be 
opened ;  or  from  the  difficulty  found  in  closing  an  open- 
chain  compound  to  a  ring. 

In  ihc  latter  case,  it  is  found  that  there  are  three  points 
which  appear  most  imjKjrtant :  they  are  (i)  the  number  of 
atoms  in  the  o|)en  chain,  (2)  the  i)ositions  in  space  occupied 
by  the  atoms  which  are  dire(  tly  concerned  in  the  closing  ot 
the  ring,  and  (3)  the  nature  of  the  atoms  which  are  attached 
to  the  atoms  of  the  chain  which  do  not  take  part  in  \k 
rint(-formation. 

As  regards  the  first  point,  it  appears  from  the  results  now 
at  our  (lisi)<)sal  that  five  or  six  carbon  atoms  in  a  chain  knd 
themselves  to  ring-formation  better  than  a  greater  or  ks^ 
number.  Instances  of  the  second  point  have  already  been 
mentioned  in  the  preceding  pages  :  ^'.,^.  the  formation  of 
malei(  anhvdride  from  maleic^  acid  is  easier  than  from 
fumari('  acid,  because  the  hydroxy  1  groups  lie  nearer  together 
in  spare  in  maleic  than  they  do  in  fumaric  acid.  Examples 
of  th<'  third  point  will  be  dealt  with  in  the  last  chapter  of 
this  book. 

§    T. — BAKyKK\S  STRAIN   THEORY, 

"Ww.  formal\on  o^  c\ose^  c;v.\V>c^t\  <:VvaAu<i  is  probably  the  most 
certain  means  at  vxesuxA  ;vv  ova  OC\s^^a\  \q\  >^^  \TSN;ies.\>^^^ 
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'  the  space  positions  and  relations  of  carbon  atoms ;  for  it 
lusi  be  supposed  that  two  carbon  atoms  will  iju  linked 
^ether  easily  if  they  iionnally  lie  near  to  one  another  in 
pOLce,  while  great  diHiculty  will  be  found  if  they  have  to  be 
ixaint^  into  position  in  order  that  a  ring  may  be  formed, 
'rom  this  starting-point,  Baeyer'  deduced  his  Slrain  Thwry, 
hich  may  be  formulated  as  follows : — 

The  four  valfiuies  cf  a  earbon  atom  act  parallel  to  lines 

fining  the  eornen  of  a  lelraAedivn  with  its  centre,  making  an 

ngk  of  1 09°  3  8'  with  one  artollier.     The  direetion  0/  the  valencies 

be  altereti,  bnt  any  such  altcfativn  prodtues  a  straiit  whose 

■junt  is  proportional  to  tlie  angle  through  which  the  valencies 

diverted." 

The  application  of  this  idea  to  the  various  ring  compounds 

imple.     Taking  the  case  of  tnniethylene,  it  is  assumed  that 

be  three  carbon  atoms  are  symmetrically  placed  with  regard 


to  one  another;  that  is  to  say,  they  lie  at  the  angles  of  an 
ecjuilateral  triangle.  The  valencies  joining  them  must  there- 
fore be  inclined  to  one  another  at  an  angle  of  60"^.  But 
normally  these  valencies  are  supposed  to  lie  at  an  angle  of 
109°  28'  to  one  another;  so  that  each  of  them  must  have  been 
diverted  through  an  ar^le  of  \  (log"  38'  —  60")  =  +  84"  44'. 
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A  general  formula,  giving  the  deviation  fora  ring-compound 
taining  any  number  of  carbon  atoms,  is  :— 


i[i09"3K'-- 


■-'.9°1 


whei 


e  number  of  atoms  in  the  ring. 
Calculated  thus,  the  figures  fur  the  known  polymethylc 


(Ethylene)     .     . 

Tri  methylene 

Tetramethylene 

Pentamethylene 

Htxaraethyltne 

Heptamethylene 

Oclomelhylene . 


Angle  of  devialion. 

54°  44' 


The  theory  assumes  that  all  the  carbon  atoms  lie  in 
same  plane,  as  otherwise  the  strain  would  not  be  calculalih 
the  way  given.  The  conclusions  to  be  drawn  from  the  alx 
figures  are  obvious.  If  ihey  be  correct,  then  iJentaracthyli 
must  be  the  most  stable  of  all  the  saturated  rings,  while  le 
methylene  and  hepta methylene  should  be  of  approximately 
same  stability.  Some  proof  of  the  general  correctness  of 
results  can  be  found  in  the  beats  of  combustion  of  some 
the  poly  methylenes.  For  example,  the  following  nunibe 
reijresent  the  energy  required  in  each  case  to  break  the  r 
and  add  on  two  hydrogen  atoms  : — 

Trimethylene 

Telramethylene 

Pentamethylene 

Hexamethylene 


Traube,"  from  a  consideration  of  atomic 


'  Siohnimii  Knd'  Klclwr,  y.  f^.  CArm.,  [3]  U,  475  {lirfm^ 
Ntt-yi-i  and  Jacolfton,  LekiiMcli  drr  ergatiiKhtH  Ch<mi<,  II.,  1,  7, 

=  Tiaulu-,    Udrr   dm    Raum    dtr    Ataau  (Akrtm    t'trlr^stmmk 
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^impounds,  has  ^iven  further  support   lo   the   probability  of 

Strain  Theory  being  correct. 

There  are,  liowcver,  several  cases  known  in  which  reactions 
Id  not  seem  to  follow  the  course  which  would  lie  ex[>ected  if 
Baeyer's  idea  really  represented  the  actual  state  of  things  in  the 
amleciile.  Perkin,'  junior,  pointed  out  that  while  the  figures  for 
3k  comiKiunds  with  a  positive  angle  of  deviation  agreed  fairly 
well  with  what  we  know  of  the  properties  of  these  substances, 
±is  was  not  true  to  the  same  extent  for  hexamethylene,  hepta- 
[nelhylene,  and  octomelhylene,  which  have  negative  deviations. 
There  are  also  difficulties  in  the  case  of  the  relative  stabilities 
of  pentametliylcne  and  hexamethylene,  as  these  compounds  can 
t»r  converted  into  one  another ;  instances  of  this  will  be  given 
laitr.  Cases  are  known,  also,  in  which  a  trimethylene  com- 
I  "'iiiid  is  produced  by  a  reaction  which  should  apparently  lead 
t^f  a  hexamethylene  derivative.  Thus  Perkcn  '  junior,  by  the 
aciion  of  dibromopropane-tetracarboxylic  ester  upon  the 
disodium  sail  of  propane-tetracarboxylic  esler,  expected  to 
*oduce  hexamethylene-octocarboxylic  ester,  (I.),  but  the 
'roduct  actually  formed  was  trimethylene-letracarboxylic 
'Ster,  ((I.):— 

(EtOOC).jC— CH.— C(COOEi), 

(I.)  I  i 

(EtOOC),C— CH,— C(COOEi), 


(ir.) 


CH, 
( EtOUC),C— C(COOEt), 


}     [I.    Tf/fi  RELATll-K  STABILITY  OF  THE   SATHKATRD 

CYCLIC  COMPOUNDS. 

TrimethylBne.— This   is    the    most    unstable    of    all    the 

oly methylenes.     The  ring  may  be  opened    by  acting   upon 

'.    with    hydrochloric,   hydrobromic,    hydriodic,   or    sulphuric 


'  Peikiiijunioi, //jr.,  AS,  2105  (190Z). 
'  Pviuii  junior.  Trans.,  81,  35S  ^>9D^V 


I 
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acids.'.     It    is   not  altacked    by    perm.ingarute,    id   «bidi  t 
ditTers    froin    propylene,'       Bromine    acts   very  slowly  i 
iriniethyleni:."  so  liiai  the  cyclic  compound  does  nol  a 
to  be  so  unsaturated  as  tbe  isomenc  olefine ;  but  a  difle 
eunclusiun    must   I>v   drawn    from    the    results   i 
work'    on    the    heats    of    formation     of     trimethylen 
propyleii 


Hal  of 

BrutniM 

addition. 

addUhm. 

Trimelhyleiie 

-.7-.  cal. 

+38  5  cal. 

+  25-5  cal. 

Propylene 

-9-4caL 

+  J9'I  cal. 

+ 167  caL 

The   dili'erenccs   shown  in  the  table  above    indicate  ihul 
irimethylene  has  an  energy  content  about  eight  calories  greata 
than  thai  of  propylene. 

Tetrametbylene.-  -The  root-substance  of  this  scries  is  1 
yet  unktioivii.  it  apptar^i  to  be  unstable;  but  this  inslabilil{ 
has  ap()arent)y  little  coiineLtion  with  the  strain  produced  in  d 
riii|j,  fur  many  other  fuur-membered  carbon  rings  arc  krtowc 
Methyl  tetramethylene,  which  is  the  lowest  member  of  the 
tctminelhylenes  synlhesised  up  to  the  presuni,  is  more  suhir 
than  tbe  corresponding  trimethylcne  derivative,  as  it  rcsiib 
the  action  of  cold  hydriodic  acid.  A  further  example  c 
difteteiice  might  be  mentioned;  acetyl -tetramethylene  can  be 
reduced  to  a  secondary  alcohol  without  breaking  the  ring ;  Un 
when  acetyl -Irimethylene  is  reduced,  tlie  ring  opens,  and  an 
open-cliain  ainyl  alcohol  is  formed.  I'etramethylenc-motuv 
i-arlioxylic  acid  is  comparatively  stable  to  hydrobromic  acid, 
under  conditions  which  convert  Iriniethylcne-monocarboxylic 
acid  into  y-bromo-butyric  acid,  Tetramethylene  derivatives  cm 
sometimes  be  converted  into  those  of  the  penta methylene  seric* 
by  suitable  reagents.     For  instance,  Demjanow '  has  shown  dsl 


I  Frtond,  Jlfnatii.,  a,  626  (iSSa). 

■  Wasner,  Ar.,  91,  iij6  (iSSS). 

■  Bctthclot,  Cmifl.  rtnJ.,  IS8,  4SJ  (1S99). 

'   Den^ow.J.  K»".  Pl^y>.C>«-^.S«.,»k,lfa^,vw^J;^. 
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wlien  cyclobulyl-methytamine  is  treated  with  nitrous  acid  it 
gives  rise,  in  addition  to  the  normal  product,  to  a  snftill  quantity 
of  a  pen  tain  ethylene  derivative  :— 


CH.—  CH.CH.NHs 

r  I 

CH— CH, 


CH,— CHj 


Pentamethylene. — The  root  substance  is  not  attacked  by 
boiling  with  hydriodic  acid ;  the  mono-carboxyiic  acid  is 
unaltacked  after  long  boiling  with  hydrobroniic  acid,'  and, 
in  general,  it  may  be  said  that  the  pentamethylene  type  is 
the  most  stable  of  all  the  cyclo-paraffins.  On  the  other  hand, 
there  are  certain  reactions  which  will  be  dealt  with  below, 
from  which  it  would  seem  that  the  hexamethylene  and 
pentamethylene  types  are  almost  equally  stable. 

Hezamettjlene.^When  camphoric  anhydride  is  treated 
with  aluminium  chloride,  one  of  the  products  is  hexahydro- 
xylylic  acid.°  Tiiis  is  an  example  of  the  conversion  of  a 
five-membered  into  a  six-raemliered  ring  i — 


CHj       CHa 


CHf  \  P 
I  .C 

Y-H      CI 
I 
COOH 


sister'  has  found  a  similar  instance  in  a  dicyclic  compound, 
■  when  the  pinacone  (I.)  is  treated  with  dihite  sulphuric  acid, 
s  converted  into  the  pinacoline  (11.) : — 


'   PCTkin,  junior,  Bir.,  86,  3105  |I90»). 

'  Perkin  -ind  Yates,  Tram..  78,  1373  (rooo). 

'  MeiUer,  Bfr.,  82,  3054  (1899). 
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n.) 


(II., 


CBr-CH.. 


CHr-CH, 


:cH. 


CHr-CH,       CO — CH, 


r 

B^  On  ihv  other  hand,  Zelinsfcy'  and  Ascbui*  faan  sbon 

that  M>mc  hexa methylene  compounds  can  be  Kamngr)!  lo 
form  pen ta methylene  derivatives.  Hexahydro-iodo-phenol, 
when  healed  to  230"  C.  with  hydriodic  acid,  yields  mcthyV 
penta methylene ;  and  i-methyl-3-hydroxyhexahydrobcrutiie, 
when  similarly  treated, appears  to  form  dimethyl-pentamethylent 
Tlie»e  plienomcna  are  apparently  at  variance  with  Baeycr'i 
Strain  'ITicory,  but  the  ineongruily  may  he  avoided  if  ccfua 
rcwTvaiions  be  mnde  as  to  the  space  formula  of  hexamclhyltnf. 
If  we  suppose  ihat  ihe  carlmn  atoms  in  hexameihylene  iJe 
two  planes,  it  will  be  found  possible  to  construct  two  formub^,' 
in  neitliiT  of  which  is  there  any  considerable  strain  : — 


The  positions  of  the  c.irbon  atoms  may  be  seen  from  il* 
following  pholographs.*    In  the  first  case  (Fig,  46),  the  carlioa 
ntomx  1,3,5  'ic  ^^  (^nc  plane,  while  1,4,6  lie  in  a  parallel  ( 
in  the  second  formula  (Fig,  47),  the  atoms  2,3,5  ^^^  ^  "^ 
ptkne,  while  the  line  joining  t  and  4  is  parallel  to  that  plane 

■  DinH'lion*  fcir  niakini;  .'iocWE  mmlol^  ate  given  in  AppFodil  B. 
'  MiiiJiy.  /T/^.a*.  731(1896);  ».  1537  ("897)- 
'  Avhan.  AmiiithH.  SM,  ti  (1^3). 
'  Sarh**,  /trt^., «,  1^1  v***>\  -.  ?"•-  t'^'^^t,  Cktm  . »,  »3  (iS) 
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ese    formulee,    however,    while    freeing    us 
ficiUties,  involve  us  in  others  not  less  serious. 


from    certain  ^^^1 

For  Instanc^^^^H 


•  ;  bM  thH  does  oo*  appear  to  bt 
e  Ike  anemp«  witboot  a 

It  would,  tbetdoi^l 
e  b  better  d 
In  the  Koond  cue,  Ifae  ci»4xin  duabi 
prodaos  woold  ghe  a  nMilecDlar  asjmmtuy  akin  to  that  d 
inoiiie.    Ii  afpeara,  tboefbie,  that  aehbei  <if  the  Sachsc  nro^-% 
b  mppoiled  bjr  bcu.    The  two  Tonitt  oaajr,  bowerer,  Ir; 
sklered   a>    phases  in  Ibe  TfliiatMn  of  ibe   bexanii!h>!" 
sjrstein;  and    tfak   aswimptioo    frees  its   fram    most  oi    r-< 
difficulties  encountered  «ben  cadi  fotiDDla  is  supposed  lo  k 
a  rigid  objccL 

Haptametlljleiie. — Just  as  the  besaroethylene  ring  can  be 
converted  into  the  penta methylene,  so  can  heptantethylene  be 
changt^d  into  a  six-membered  ring,'  being  ranrened  by  healing 
wirh  hydriodic  acid  into  methyl-hexamethylene.  An  exam|Jc 
of  the  conversion  of  a  hexamelhylene  into  a  bepta  methylene 
cnmpound  was  given  by  Derajanow,'  who  showed  thai  when 
silver  nitrite  acts  on  cyclohexyl-melhylamine  hydrochloriile, 
subcryl  alcohol  is  formed  :^ 


(■»,-CH,-CH, 

I  J 


CHj-CH.-CH, 


CH,— CH,-  CH, 


Octomethylene-— Nothing    definite    is  known    as   lo  Oi 
staliility  of  this  series ;  the  compounds  are  certainly  less  s: 
Ihan  lii-xamethylcnc  or  hepla methylene. 


'  WiTncrandContnil.fl<r.,8l,3046(lK99|. 

•  Mntk..wnikow,  7  Anrr,  riy'.  Cifm.  Set..  U.  547  (iSqj) 

■  neinj«n™,  .*«/.,  H.  1660904).  '   "■  -^J' 
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TUB    INFLUENCE   OF   THE   IVSITION  OF  ATOMS 

IN  SPACF-    ON   THEIR  AlUUTY  TO  FORM  RINGS. 

1.  In  Carbocycltc  ComponndB. — From  his  assumption  of  the 

ihedral  form  of  t!ie  carbon  atom,  van't  Hoff  deduced  ihat 

B  distance  between  two  atoms  in  an  open-chain  carbon  com- 

jund  will  not  increase  indefinitely,  as  the  chain  is  lengthened 

f  rtie  addition  of  new  atoms.     Instead  of  this,  the  chain  will 

rve  round,  and  its  ends  will  approach  nearer  and  nearer 

'  lo  each  other,  until  there  are  five  atoms  in  the  chain,  after  which 

ends  will  cease  to  approach  each  other,  as  new  atoms  are 


Kiu.  4S. 


added.  Fig.  48  illustrates  this  view,  it  has  been  calculated 
by  van't  Hoff  that  the  distances  AB,  AC,  AD,  and  AE  stand 
to  one  another  in  the  ratios  i  :  I'oa  :  ©■67  :  o'o?.  So  thai 
OD  this  theory  the  valency  centres  of  atoms  at  the  ends  of  a 
five-menibered  chain  would  be  much  nearer  together  than  the 
valency  centres  of  the  end  atoms  of  any  chain  of  less  than  five 
atoms;  anda  five-memberedring  would  therefore  be  more  stable 
than  one  with  a  greater  or  less  number  of  atoms  in  it. 

Almost  without  exception,  this  idea  has  been  supported  by 
the  investigations  which  have  been  made  upon  this  subject. 
It  is,  therefore,  unnecessary  to  quote  instances  of  the  results 
obtauied,  the  zaore  so  since  a  complete  accout\l  o^  \.\v%  vEta.XVex 
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will  be  given  in  Chapter  VI.  There  are,  however,  a  few  oses 
in  which  the  reaction  does  not  follow  the  lines  which  might  be 
expected  from  the  theory.  One  or  two  of  these  may  be 
mentioned. 

(i).  Trimethylene  bromide  reacts  with  zinc  to  form  tii- 
methylene,  and  not,  as  might  have  been  expected,  heu- 
methylene.* 

(2).  Acetyl-propyl-bromide,  on  treatment  with  solid  potash, 
gives  acctyl-trimethylene,  and  not  a  hexamethylene  derivative.* 

(3).  a-Brom-glutaric  ester,  when  treated  with  potash  or 
quinoline,  gives  trimethylene-dicarboxylic  acid  : —  * 

/CHa-COOEt  ^CH— COOEt 

CH,  =    HBr  -h  CR, 

CHBr.COOEt  ^  CH— COOEt 

(4).  Carbonic  acid  is  formed  in  an  exactly  similar  way  when 
diinetliyl-bromoglutaric  ester  is  treated  with  alcoholic  potash* 

2.  In  Heterocyclic  Compounds. — In  the  case  of  those  rings 
which  contain  atoms  other  than  carbon,  the  Strain  Theory  is 
not  intended  to  be  applied ;  but,  nevertheless,  in  many  cases 
results  have  been  obtained  which  point  to  the  same  conclusions 
as  those  arrived  at  in  the  case  of  the  carbocyclic  series.  For 
instance,  diacetylacetone,  which  is  an  oi)en-chain  substance, 
loses  water  merely  by  standing  at  ordinary  temperatures,  and 
is  converted  into  the  more  stable  ring  compound,  dimelhyl- 
pyronc  :  — 

CH:C— CH, 

CH:,CO.CH...CO.CH...CO.CH, >C0  O     +   HO 

\ 
CH:C— CH: 

'  (iuslavson,  J.  pr,  Chctn.^  [2]  69,  302  (1899). 

'  Lipp,  /?<'/-.,  22,  1207  (1889);  Idzowska  and  Wagner,  7.  Russ.  Phy^- 
C/iem.  Soc.y  30,  259  (1898). 

*  Bowtcll  and  VeiV\iv*^\iiv\oT,  Proc  .A^^^^^' ^vSqq\. 

*  Pcrkin  jumoi  and 'VY\oiv*i>  Trans.,!^,  v^W^s^, 
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This  is  proiial.ily  due  lo  the  close  proximity  of  [he  two  carbon 
atoms,  to  which  the  bridge  oxygen  atom  is  attached. 

Miolati'  has  shown  that  the  velocity  with  which  the  ring 
of  glutarimide  opens  is  about  a  hundred  times  greater  than  is 
the  case  with  succinimidc,  so  that  the  ring  composed  of  one 
nitrogen  and  four  carbon  atoms  is  much  more  stable  than  one 
made  up  of  a  nitrogen  and  five  carbon  atoms. 

R,  Meyer  ■■'  states  that  when  the  three  following  compounds 
are  heated  with  concentrated  hydrochloric  acid,  only  the  first 
remains  stable. 

NH 


NH 


NH 


> 


NH 


A  hydroxy-acid,  containing  as  it  does  both  a  hydroxyl  and 
a  carboxyl  group  in  its  molecule,  might  be  expected  to  lose  a 
molecule  of  water  and  be  converteil  into  a  lactone.  Hjelf 
was  the  first  to  suggest  that  the  arrangenicnt  of  atoms  in  aiiace 
was  the  cause  of  certain  lactones  being  more  easily  formed 
than  others,  and  afterwards,  Wislicenus  treated  the  matter  very 
fully  from  the  theoretical  point  of  view  in  his  work,  Die 
Riitimlichc  Anordnwig  dcr  Alonu:  The  facts  known  at  present 
may  be  summarised  as  follows, 

H-Hydroxycarboxyiic  acids  do  not  form  compounds  by  intra- 
molecular loss  of  water,  but  instead  two  molecules  unite  :— 


CH,- 


■CH— OH  CH,— CH 

I  does  not  give  (    "VO 

CO— OH  CO 


but  two  molecules  give 


CH,,— CH— O— CO 
1  I 

CO— O— CH-CH, 

'  Miolali,  AIti  R.  Atcml.  Lincd.Z,  51s  (1894). 

'  R.  Meyer,  Naluraus.  /Rundschau,  16,  ^n,  tf^  \yfxC\ 

•  Ujelt,  .Sfr.,  15,  630  (1882I. 
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)8-Hydroxycarboxylic  acids  usually  form  unsaturated  ackis» 
and  do  not  condense  to  cyclic  compounds. 

y-Hydroxycarboxylic  acids  probably  form  lactones  moie 
easily  than  any  of  the  other  classes  ]  the  breakdown  often  takes 
place  spontaneously : — 

CH^CHa— OH         CHa— CH« 


\ 


y 


o  +  H,0 


CHa— CO— OH  CH,— CO 

^Hydroxycarboxylic  acids  also  easily  form  lactones,  though 
not  with  the  same  readiness  as  is  found  in  the  y-acids  :— 


.CHa — CH — CH3 
/  \ 

CHa  OH 

CHa— CO-OH 


CH«— CH — CH« 
=  CHa  O  +  H,0 

CHa— CO 


If  the  series  of  dicarboxylic  acids  be  considered,  beginning 
with  oxalic  acid,  it  will  be  found  that  neither  oxalic  nor  malonic 
acid  yields  an  anhydride ;  succinic  acid  can  be  made  to  lose 
water  by  simple  heating;  glutaric  anhydride  is  rather  more 
difficult  to  prepare ;  while  adipic  and  the  higher  homolc^es 
require  special  methods,  such  as  heating  the  acid  with  acetyl 
chloride.  On  writing  the  formulae  of  the  hypothetical  and 
actual  anhydrides,  it  will  be  seen  that  three-  and  four-membered 
rings  are  not  formed,  while  five-  and  six-membered  ones  appear 
to  be  most  easily  formed.  The  names  of  non-existent  anhy- 
drides are  printed  in  italics  : — 


CO 


\ 


/CO^ 


CH,^CQ 


O 


co/ 

Oxalic. 

/CH..— CO, 
CH,  O 

^  CH.,-CO 

Glularic. 


O 

/ 


CH., 

■a 

"^CO 

Malonic. 


CHa— CO 

Succinic. 


\ 
O 

/ 


CHa-CHa— CO,^ 

o 

CH-t-CH,r-CO^ 
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[{olleman    and    Vobrmao '    studied    thi:    stability    of  the 
hydrides  of  various  dibasic  acids  in  presence  of  water  ;  but  in 
»st  cases  the  results  were  unsatisfactory,  owing  lo  the  in- 
ability of  the  anhydrides  in  water.     The  authors  succeeded 
making    accutate   measurements   in   the  cases  of  succinic 
d  glutaric  anhydrides,  the  former  containing  a  five-raembered 
being  more  stable  than  the   six-membered  ring  of  the 
The  figures  giving  the  relative   reaction  velocities  of 
BO  compounds  in  presence  of  water  at  25°  C.  are  ;— 

Succinic  anhydride  ....     0*1683 
Glutaric  „  ....     0-1708 

When  the  salts  of  primacy  amines  are  heated,  they  are  in 
iny  cases  converted  into  a  mixture  of  a  secondary  amine 
d  an  ammonium  salt  :— 

1NH.R.HX  =  NH.X  +  NHR,.HX 
id  when  the  same  reaction  is  carried  out  with  a  diamido- 
npound,  a  cyclic  amidobody  is  formed.     If  we  consider 
•■  result  of  heating  the  hydrochlorides  of  various  diamido- 
npounds,  we  lind  the  following. 
Ethylene-diamine   does  not  form  a  three-menibered  ring, 
id  two  molecules  condense  to  form  piperazine  :— 
NH 


Tri methylene-diamine    produces    a    mixture    of    ^-methyl 

idine  and  trimethylene  imide  :— 

\  X:H,— NHj  CH., 

P     CHj  .HX    =    NH,X     4-     CH,,        NH 


Telramethylene-diamine  and  pentamethylene^liarainc  a 
dense  intramolecularly  to  form  respectively  pyrrolidinr  i 
pijjeridine. 

Another  series  of  experiments  a.lso  shows  the  influena 
the  number  of  atoms  in  the  chain.  Bischolf'  conden 
formaldehyde  with  various  diamido-compounds,  and  came 
the  following  conclosions.  Compounds  of  the  type  X-N-N 
condensed  easily  with  formaldehyde,  but  formed  sis-menitK 
rings.  The  same  is  the  case  with  the  lype  X-N-CH,-S 
A  five-mc-mbcred  ring  was  obtained  from  the  type^^" 


X-N-CH,-CH,-N-X. 

I  1 


1 


No    ring    could   be   formed    from    bodies    of    the 
X-N  -C  H,-C  a,-CH,-N-X. 


§  IV.     CONCLUSION.  ^^H 

From  the  instances  quoted  in  the  foregoing  sectio 
seems  a  clear  deduction  that  the  Strain  Theory  is  oi 
general  application,  though  in  certain  cases  the  results  I 
in  practice  are  not  in  agreement  with  the  theory.  In  the ) 
cyclic  compounds  the  stability  of  the  ring  increases  wit 
number  of  members  until  ihe  ring  contains  five  carbon  a 
five-  and  six-membercd  rings  appear  to  be  of  very  nearly 
stability ;  while  beyond  that  the  stability  of  the  ring  tcr 
decrease  inversely  as  the  number  of  carbon  atoms  in  i 
ring  of  eight  carbon  atoms  appears  to  be  the  largest  wl 
is  possible  to  synthesise.  Similar  phenomena  are  obsen 
the  heterocyclic  rings. 


'   liiwhoff,  Bfr  .  31.  },z\% 


^H 


CilAl'TER    III, 


"HE  EFFECTS  OF  SUBSTITUTION  UPON  THE  FORMATION 
AND   STABILITY   OF  CYCLIC   COMPOUNDS. 


'he  effect  of  replacing  one  group  in  a  certain  compound  by 
nolher  may  be  twofold ;  in  the  first  place,  if  the  chemical 
lature  of  the  two  groups  differs  to  a  considerable  extent, 
hanges  in  the  character  of  the  whole  compound  may  be 
irought  about  j  while  even  if  the  substituent  be  similar  to  the 
;roup  it  replaces,  it  may  occupy  a  certain  amount  of  extra 
pace  and  thus  hinder  the  progress  of  some  reaction  upon  which 
he  original  group  had  no  effect.  With  the  first  of  these  in- 
luences  there  is  no  need  to  deal  here  in  detail,  but  in  several 
nstances  it  is  so  difficult  to  distinguish  between  a  merely 
faemical  influence  and  a  stereochemical  one,  that  some  facts  in 
hese  pages  may  appear  to  be  explicable  on  either  supposition. 

When  the  stereochemical  effects  of  substitution  are 
Lonsidered,  it  is  found  that  they  may  be  classed  in  two 
llvisions :  first,  those  cases  in  which  the  substitution  tends  to 
itnder  the  course  of  a  certain  reaction,  and,  second,  thos«  in 
which  the  introduction  of  new  groups  facilitates  the  course  of  a 
reaction.  The  simplest  case  which  can  be  considered  is  tliat 
>f  the  conversion  of  an  open-chain  compound  into  a  ring,  and 
[nany  instances  are  known  in  which  stereochemical  causes 
prevent  such  a  reaction  taking  place. 

Ipatjew '  made  a  series  of  attempts  to  synthesise  tri- 
methylene  rings  from  the  disodiiim  derivative  of  malonic  ester 
and  alkyl  dibromides,  in  the  course  of  which  he  discovered  the 
following  facts.     With  dibromides  whose  bromine  atoms  are 
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g  cAfboo  Moaa,  the  trime^ylcne  t^ 
was  fonned  otikj  when  (i)  both  bronnne  atoms  are  3 
to  priiBai7  caiboo  atoms,  (I,),  or  (a)  ooe  lo  a  primary  ^ 
(be  other  to  a  xcooAarj  caiboa  atom,  (IL) : — 


(I.) 

RO.CO^O.OR 

H^ CH, 


(IL) 
RO.CO^CO.OR 


If  one  bromiiie  atom  be  attached  to  n  primary  carbon,  ami 
other  to  a  tertiary  one,  no  ring  U  rotined,  and  the  sami 
found  if  both  are  attached  to  secondary  carbon  atoms.  Tl 
is  to  say,  the  two  rings  (III.)  and  (IV.)  are  not  formed : 


(III.) 

RO.carx:o.OR 

H,C C— C,H„ 


(IV.) 
RO.CO^.C».OR 


CK-^C— CIVh 


And  if  tht:  bromine   atoms   are   attached    to   tertiary  < 
atoms,  nu  ring-formation  lakes  pbce  : — 

RO.cacco.oR 

(Nol  ioimeA.) 

A  somewhat  similar  case  is  that  observed  by  Petienti 
Kritschenko '   in    the    hydropyrones.     He    found    that 
formation  of  the  ring  in  this  case  depended  upon  the  ro: 
influence  of  the  groups  A  and    R,  altraction  leading  to 
figuration  (I.)  and  repulsion  to  (I  I.).    From  (I.)  rings  arefonnc 
whereas  from  (II.)  only  unsaturated  ketones  are  produced 

.,^\,i.VS.V.iS*il.\. 
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(I.) 

— CH— CO— HC— A       >     A— CH— CO— HC— A 

II                                      II 
— C— OHHO— C— R  R— CH O CH— R 


H  H 

(11.) 
A  -  C  H— CO— HC— A       >       A— C — CO C— A 


I 


II 


to— C— R       R— C— OH  H— C— R  R— C— H 

I  I 

H  H 

tien  R  was  /-methoxyphenyl,  Petrenko-Kritschenko  found 
at  a  ring  was  formed,  but  when  disubstituted  phenyls  were 
;^cd,  no  closing  took  place. 

Vorliinder  ^  found  that  though  benzaldehyde  could  easily  be 
>ndensed  with  di-ethyl  ketone  to  form  a  hydropyrone  deriva- 
we,  the  same  was  not  possible  when  di-propyl  ketone  was 
ied.  BischofF  explains  this  by  his  Dynamic  Hypothesis,  since 
the  compound  (H.)  were  formed,  it  would  have  a  methyl 
"oup  in  the  critical  position  to  each  phenyl  radical,  which  is 
Dt  the  case  with  the  di-ethyl  ketone  compound,  (I.) : — 

(I.) 

(4)  (3)  (3)  (0 

CH3— CH— CO— CH— CH3 

(l)  (2)'  1(2)  (l) 

CeH,— CH  CH— CeH, 

I  I 

OH  OH 

(11) 

(5)  U)  (3)  (3)  (4)  (5) 

CH3— CH,— CH— CO~CH— CH.,— CH, 

(l)  1(2)  1(2)  (O 

CgHo — CH  CH — CgHo 


OH  OH 


>  Vorlander,  Bfr.,  80,  2261  (1897) 
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Scholti:  and  Jaross,"   following  out  some    obseivaliotis  i. 
Bischoff,-  showed  that  the  action  of  fonnaldehyde  on  diaim 
was  greatly  influenced  by  alereochemical  phenomena.    Tta 
were  able  to  fonn  the  rings  I.  to  VI,,  but  no  ring-formaiioi 
could  be  produced  in  ihe  case  of  the  compounds  VII.  to  X, 


,y 


CH,— N— CH. 

c,h;  'ca, 

""CH,— N— C,H, 
(11) 


CHa-Nf 


(lit) 

I  >"'■ 

CH^r— N— CH. 


(IV.) 


suvsTncnox  aa'd  ST.iiiir.ir] 


(VII.)  (IX.) 

CHa— NH'^  J>  CH,— NH 

CH, 


(JH,— NhX         \cH, 


CH, 


^  influence  of  the  methyl  group  when  in  the  ortho-position 
its  indifference  when  in  either  the  meta-  or  para-positions 
■ell  marked  in  these  results.  Of  course,  the  phenyl  groups 
free  to  swing  about  their  axes,  hut  this  rotation  will  bring 
methyl  group  into  a  position  to  hinder  ring-fomiation 
ing  at  least  half  the  time.  Further  investigation  showed 
,  acetaldehyde  couid  form  a  ring  corresponding  to  (V.)  and 
paldehyde  one  similar  to  (X.) ;  while  carbonyl  chloride 
ned  cyclic  compounds  of  the  types  (iV.)  and  (V.),  but  not 
bke{Vjn.). 

Some  work  by  Busch  shows  that  there  can  be  no  doubt 
;  such  hindrances  are  due  to  stereochemical  causes.  He 
nd  that  by  choosing  his  reagents  in  such  a  way  as  to  re- 
ve  the  hindering  group  from  the  immediate  neighbourhood 
he  atoms  concerned  in  the  ring- format  ion,  no  difficulty  was 
ountered.     For  example,  the  inHuence  of  ihe  au\)s*.\View\.  ?^ 


■         <'4 


STEKEOCHEMISTKY    WtTHOlT  /SOVRKISX 


hnryaiQof^  walked  m  Ihecucof  tbe  locticn  (a 
tion  wtlh  an  aldchfde)  idionaticallf  represented  bdo«: 


/NH, 
+0-C 


But  if  a  methylene  group  be  introduced  between  the  nilrogi 
atom  and  the  phenyl  nucleus,  the  orCho-substilueiit  is  rcimn 
lo  Ruch  a  distance  that  it  has  but  little  effect  upon  the  reaciim 


NH, 


tH.—NH-  CHj/^  J> 


|C  R 

'N-  CHr 
CH. 

In  the  synlliescB  of  pipcrazinc  derivatives,  Bischoff '  notice 
two  rnscfl  in  which  the  inlroduciion  of  subsiituents 
hindrance  to  the  formation  of  a  ring.     In  trying  lo  c(Hidaii 
two  molecules  of  a-tirotiio-iso valerianic  anilide  to  form  the 
Khown  below,  he  found  that  no  condensation  took  place 


liiis  tills  on  the  Dynamic  Hypothesis,  since  had  ihe 
ixsmpound  bttai  formed,  the  phenyl  grouiw  would  have  been 
rx  the  position  1,5  and  -,6  to  the  methyl  radicals  : — 


CH,.CH.CH, 
I 
CO-CH 

(o        /ij)     nA 

CH.— N(=)  N-QH» 

^CH— CO 
I 
CH,.CH.CH, 

Cs)      to    (sJ 

Bischoff '  also  round  a  more  general  case  when  the  substiiuents 
a.ie  diflcreiilly  placed.  The  ring  (I.)  can  only  be  formed 
^fhen  a  and  *  are  hydrogen  atoms ;  if  either  a  or  //,  or  both, 
tie  changed  to  methyl,  the  ring  is  not  produced,  but,  in- 
stead, a  compound  of  the  type  (II.)  results.  Here,  again,  the 
fcrnindering  groups  stand  in  the  position  1,5  to  one  another  : — 

a    A  a    b 

c'-CO^  t-CO.NH, 

C„H,N  N  H  CbHs— N 

\  /  >. 

C— CO 


(I.) 


Xylylene   bromide    reacts    ' 
^:om  pound ; — 


C— CO.NH, 

/  \ 
a  b 
(11.) 

niiine    to   form  a   ring 


|CH,Br     H^  If      "CH,^ 

+     ^N.C.H.  =  2  HBr  -1-  |  N.C.H, 

^ch/ 


Now,  when  ortho-substituted    anilines   are    used   (ivtoluidine, 
'  UiKhaff,  £ir.,  SO,  3310  (1897). 
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i^xylidine,  or  ^pseudocumidine),  no  ring  b  formed ;  diough  vidi 
m-  or  /-substituted  aniline  there  is  no  difficulty.  a-Nt|Mjl- 
amine,  £?-chloro-,  and  o-bromo-aniline  also  fail  to  form  the  riogp 
The  ortho-substituent  evidently  acts  as  a  hindering  influeocBi 
but  if  it  be  removed  far  enough  from  the  sphere  of  action  of  ^ 
the  amido-group,  as  in  the  case  of  ^tolu-benzylamine,  no 
hindrance  is  observed.  Similar  results  are  obtained  wfaen 
trimethylene  bromide  is  substituted  for  xylyl^ie  bromide.' 

When  phenoxy-acetals,  (I.),  are  boiled  with  dilute  sulpbuiic 
acid  they  condense  to  cumarone  derivatives,  (IL);  but  if  there 
be  a  methoxy-group  in  the  ortho-position  to  the  side  chain,  (IIL), 
the  reaction  does  not  take  place : —  * 


rt^— o 


(1.) 


CH, 


\ 


H  CH(OEt)a 


^^V-o 


\J\ 


CH 


/" 


(II.) 


OMe 

A 
(III.) 


I 

CH, 

CH(OEt), 


Another  case  of  intramolecular  ring-formation  is  to  be 
found  in  the  tetra/.olium  derivatives.'  Formazyl-benzene,  (I.), 
can  be  oxidised  to  triphenyl-tetrazolium  hydroxide,  (II.).  Bat 
if  the  phenyl  groups  attached  to  the  nitrogen  atoms  have 
urtho-substitucnts,  the  reaction  proceeds  much  more  slowly 
than  would  otherwise  be  the  case ;  while  an  even  greater  effect 
is  noticed  when  substituents  are  introduced  into  the  phenyl 
nucleus  which  is  attached  to  a  carbon  atom : — 


C 11,— C 


(I.) 

N— NH    QH. 

(II.) 

N 

N       C,H: 

■^ 
>• 

C.H,— C 

OH 

N     N     QH, 

N— I 

M-Qft 

'  Sclioltr,  Ber.,  81,  414,  627,  1154,  1707  (1898)  ;  88,  2251  (1899). 
«  Wcdekind  and  ^Xauvic,  Btt.,  ^V  M^^  VAs^V 


fe  must  now  turn  to  the  second  branch  of  the  subject,  and 
der  the  effect  of  substitution  upon  the  stability  of  cyclic 
X)unds. 

Q  the  case  of  carbocycllc  compounds,  the  effect  of  sub- 
ion  is  not  very  uniform,  since  in  some  cases  it  appears  to 
lish  the  stability,  while  in  others  it  increases  it.'  Space 
ions  appear,  however,  to  play  some  part  in  the  matter;  for 
iner  '  found  that  the  more  symmetrically  substituted  trime- 
nes  were  less  liable  Co  an  opening  of  the  ring  than  those 
hich  the  substituents  were  unsymmetrically  placed  about 
ilane  of  the  ring,  while  Guslavson  and  Popper^  observed 
symmetry  had  a  greater  influence  than  chemical  character 
e  substituent. 

iometimes  the  introduction  of  new  radicals  into  a  corai)ound 
s  to  make  it  less  stable  than  before,  as  in  the  case  of 
lyl-furan,  which,  when  treated  with  hydrochloric  acid  in 
lyl  alcoliol,  is  much  more  easily  opened  up  than  furan 
'.'  But,  on  the  other  hand,  Hjelt '  found  that  the  stability 
ie  phthalide  ring  was  increased  by  substitution,  phenol- 
alein  being  more  stable  than  diphenylphlhalide,  and  this 
rn  being  more  stable  than  phthalide  : — 


/ 


CO, 


Pbthalidc  (leul  stable). 


t  liable). 


Phenol phtbaleia  (mo^t  stable). 


'  Kbii,  y.  fir.  C/um.,  [a]  8B,  174  (1903). 

'  Bnchncr,  AiihuUh,  884,  ww  (1895). 

'  GostavsoD  and  Popptr,  J.  fir.  Chem.,  [z]  SB,  458  (1S9S). 

•  Harries,  Brr.,  SI,  3;  I1S9U). 

•  iiWt,  Cittm.  &il.,  11,  3  (1894)- 


'"  which  hydrolysis  wi 
presence  of  a  sotsliiuei 
nurogens,  or  by  melt 
Radicals  on  [he  two  nil 
"'=  me,  Iheir  inHnence 
Busch'  found  that  i 
quinaMline  series,  an  c 
increasing  the  stability  o 


To  these  qualitative  in 
several  instances,  which  ha 

Miolati'exambedlhe, 
derivatives.  Substitution  i 
niMhyl-succinimide  hydrolv 
i'.  .!ii''°"'  ""  """""ins  la 


c  effect  of  the  ortho-metbyl  group  is  very  marked  when 
npared  with  that  of  the  meta-  and  para-  substituents.  The 
ining  of  the  succinimide  ring  has  also  been  studied  by 
body  and  Sprankling.'^     It  would  seem  that  substitution  in 

fatty  ring  lends  to  decrease  the  stability,  while  substitu- 
1  in  the  aromatic  nucleus  increases  it. 

The  foregoing  instances  will  be  sufficient  to  show  that  in 
tain  reactions  substituents  can  exert  a  hindering  infiuence. 
other  cases  it  was  found  that  the  presence  of  substituted 
ups  facilitated  the  formation  of  a  cyclic  compound.  A  few 
Lhese  will  now  be  described. 

The  formation  of  an  anhydride  of  a  dicarboxylic  acid  takes 

■  MioUti  and  LoUi,  Alii  R.  Accad.  Uncii,  [5]  B,  I.,  SS  (1S96). 
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place  with  more  or  less  case  according  as  the  carboxyl  \ 
are  near  to  or  far  apart  from  one  another.  Cases  of  thii 
have  been  dealt  with  in  the  unsaturated  acids,  where  th 
stereoisomer  loses  water  much  more  readily  than  the 
In  that  case  the  proximity  of  the  carhoxyl  groups  is  condil 
by  the  presence  of  the  double  bond,  but  it  has  been 
possible  to  produce  a  similar  approach  by  means  of  substil 
If  we  consider  the  different  substituted  maleic  acids,  w( 
find  that,  as  a  rule,  the  more  substituents  wc  introduce  the 
readily  does  the  acid  form  an  anhydride  ;  the  following 
may  be  mentioned  :— 

fI_C-C0011 

I)  Stalile  :  aiiliyiitide  priiueeii  on  Hislillaliop. 

11— c~cnoii  Jj^l 

CI[,— C~COOH  ^^H 

Anhfdrklc  prrxlnccd  unHet  ■□□"C.  ^^^H 


landing  over  sulphuric 


H— c-coon 

CH, 

iir- 

-C-COOH 

-c— cnoii 

Anhydriilp  pio, 

Bt-C— COOH 
Br-C-COOH 

Anhydride  prod 

c,n.- 

_C-COOH 

c,ii,— c-coort 


11  only  in  form  of  anliydride. 


It  seems  as  if  the  introduction  of  bulky  groups  tend 
press  the  cacboxyl  groups  nearer  together  in  the  molecali 
hence  to  facilitate  the  elimination  of  water. 

Similar  results  are  found  in  other  series.  Glutarit 
boils  almost  without  decomposition  at  303-5°  C,  tneth] 
ethyl-glutaric  acids  partly  break  down  into  anhydrides, 
iso-trimethyl-glutaric  acid  gives  an  anhydride  merely  on  I 
with  water. 

Hjelt'  has  studied  quantitatively  the  relative  amoii 
anhydrides  formed  from  the  substituted  succinic  acids  al 
hour's   heating    to    various   temperatures.      His  results  I 


follows  :— 


Bo-.,«,\>41t,V\%qnil. 


I 
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Succinic  acid       .     .     . 

67  pe 

ctnt.  at  aoo"  C. 

Methylsuccinic  acid     . 

429 

200=  C. 

.. 

■  S,, 

170'C. 

„            „ 

141 

i6o°C 

Elhyl-succinic  acid 

M'5 

r6o'C. 

»- Propyl- succinic  acid . 

16-6 

160' C. 

I  so- propyl- succinic  acid 

»99 

160°  C. 

must  be  observed  that  not  only  the  size  of  the  radicals 
iiich  are  introduced  into  a  compound,  but  also  their  nature, 
id  possibly  also  their  mode  of  vibration,  have  an  influence 
Ton  the  amount  of  hindrance  they  produce,  a-Hydroxy-cir- 
jxylic  acids  may  react  in  two  ways  in  presence  of  dehydrating 
gents :  they  may  form  a  ring  as  in  (I.),  or  may  break  down 

n  acid,  a  ketone,  or  aldehyde,  or  other  products,  (11.)  :  — 


I 


-OH 


HO-CO 
I      +     I 
COOH   HO-C-R 

I 


— c~o— CO 
I    I   +  2H=n 

CO  O-C-R 


R— C— OH 
I 
COOH 


(II.* 

H.COOH 


ow,  it  has  been  noticed  that  the  six-membered  ring  is  formed 
ily  when  either  R  or  R'  is  a  hydrogen  atom  ;  for  example, 
hen  both  of  them  are  methyl  groups  no  ring  is  produced, 
ui  it  has  been  found  that  ben^illc  acid  yields  an  anhydride 
hich  appears  to  possess  the  formula  :— 


U  (C.H.),- 


-O- 


co 


CO— O— CtCH.W 


i 


I 
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so  that  ill  ihis  case  a  phenyl  group  does  not  appear  to  have  so 
great  a  hindering  effect  as  a  methyl  radical. 

Lactones  may  be  formed  from  halogen -substituted  acids  Ik 
Joss  of  halogen  acids: — 

X  O 

c,H.c"     =  c.h::  I    +  Hx 

COOH  CO 

and  Freer  ^  has  found  that  in  this  case  also  the  inlroduclion  of 
'substituents,  if  carried  far  enough,  suffices  to  bring  about  a 
spontaneous  formation  of  lactones  in  the  case  of  the  y-hal(^ea 
substituted  acids. 

Fittig'^and  Hjelt™  have  shown  that  in  the  conversion  J 
the  dibasic  hydroxy-acids  into  lactonic  acids: — 

H     X  H     X 

II  II 

HOOC-C— CX— OH  =    HOOC-C— CX— < 

I  I 

CH.COOH  CH,- -i 

most  time  is  required  when  X  is  a  hydrogen  atom.  Phenjl 
increases  the  reaction  speed  four  limes,  methyl  eight  lime* 
and  isobutyl  sixteen  times.  When  the  two  X  radicals  an 
methyls,  the  resulting  compound  forms  a  lactone  twice  % 
fast  as  when  the  X  groups  are  ethyl  and  a  hydrogen  atom. 

Bischoff'  has  shown  that  similar  relations  hold  in  the  oa 
of  liEvulinic  acid  and  its  homologucs.  Further  investigatioi 
by  Bischoff  and  Walden  °  led  to  the  following  results.  Th 
figures  give  the  percentage  of  lactone  formed  by  each  aei 
under  the  given  conditions : — 


'  Freer,  Annalen.  819.  351  {1901). 

=  Fillig.  i*iV/,8M,  197(1887). 

■  lljeli,  Ada  5ik,  sficnl.fmnica,  IB,  i  :  19,  13 

•  BiscVinff,  «fr..as,fiii  (.iSqi). 
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After 
minatcs. 


Lsevulinic 
acid. 


15 

30 

45 
60 


7-63 
13*09 

21*54 
26*57 


o-Methyl 
laevulinic. 


20-48 
29-85 

33*99 
48-88 


o- Dimethyl 
laevulinic. 


27-86 

31*96 
3562 


o-Ethyl 
laevulinic. 


37*24 
44*26 

47*95 
58-63 


A  study  of  these  instances  shows  that  the  presence  of 
sabstituent  groups  may  play  a  very  considerable  part  in  those 
reactions  which  lead  to  the  formation  of  ring-compounds.  In 
certain  cases  the  substituents  exercise  a  hindering  effect  upon 
Ae  reactions,  while  in  other  instances  they  appear  to  favour 
the  formation  of  the  ring.  In  the  first  case,  we  are  dealing 
with  a  phenomenon,  similar  in  some  respects  to  the  examples  of 
chain  formation  dealt  with  in  the  previous  chapter ;  the  second 
case  resembles  the  decomposition  reactions  which  have  already 
been  described. 


CHAPTER   IV. 

THE  CONFIGURATION   OF  OPTICALLY   INACTIVE 

CARBON   COMPOUNDS. 

§  I.    THE  SHAPE  OF  CARBON  CHAINS. 

In  this  chapter,  two  questions  will  be  studied :  first,  that  of  the 
shape  which  a  carbon  open  chain  normally  assumes  in  space; 
and,  second,  that  of  the  configuration  of  the  molecule  in  open- 
chain  compounds.  In  the  first  section,  we  have  to  decide 
whether  a  series  of  carbon  atoms  linked  together  by  single 
bonds  will  lie  in  a  straight  line,  in  a  zig-zag  form,  or  in  a  more 
or  less  cylic  figure ;  while  in  the  second  section  we  must  apply 
to  inactive  carbon  compounds  processes  analogous  to  some 
extent  to  those  which  we  used  in  the  determination  of  the 
configurations  of  the  various  sugars. 

When  we  examine  the  structural  formula  of  any  paraffin 
com|)ound : — 

12  3  4  5  6  7 

CH^ — C.H.) — CHo — Crij — CH.2 — CHo — GHo  .  .  . 

we  should  conclude  from  such  a  formula  that  the  atoms 
marked  i  and  2  were  much  nearer  together  than  i  and 
3,  or  any  higher  number;  and,  in  consequence,  we  should 
expect  to  find  that  a  reaction  between  groups  attached  to  i 
and  2  would  proceed  with  greater  ease  than  if  the  reacting 
groups  were  attached  to,  say,  the  atoms  i  and  7. 

On  the  other  hand,  if  we  assume  that   the   four  groups 
attached  to  a  carbon  atom  are  tetrahedrally  arranged  in  space, 
the  problem  assumes  ^\V^  ;i  ^\^^\^tv\.  ^'s.^'^ect,  for  then  we 
should  find,  as  was  metvuoxv^  '\tv  CV^^v^x  \\,  ^\  Si5\>s.T5a!c^^&i^ 
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rie   atoms   i    and  5  are    nearer  together  in  space   than   any 
■there,  the  distances  being  :  — 

Between  A  and  B  .     .          .     .  1  00 

„        A  and  C T'oa 

A  and  n  .              .     .  o'67 

A  and  E 0*07 


I 


Fic.  49. 


The  experimental  material  which  was  dealt  with  in 
Chapter  II,  certainly  favours  the  second  view  rather  than  the 
first,  for  there  it  was  shown  that  when  the  two  reactive  groups 
lay  in  the  1,5-  or  r,6-positions  with  regard  to  each  other  their 
tendency  to  react  was  greater  than  when  they  were  situated 
nearer  together  in  the  chain ;  and  the  same  may  be  said  for 
the  results  described  in  ihe  section  of  Chapter  I.  upon  Chain 
Formation,  in  which  the  influence  of  the  1,5-  and  1,6-positions 
was  also  marked. 

For   some   time,  however,  P.  Petrenko-Kritschenko '  has 

'  Pcltenko-Krilschenko,  J.  pr.  Cktm..  (l|  81,  431  (1900):  62,  31s 
(1900).  ftitcnko-Kriifichcnko  nnii  E.  Elischnninofi*,  /(t-r.,  34, 1699  ((901). 
Pelienko-Kritschenkn  nnd  S.  I>irdkipnniclie,  ibiJ.,  34,  170J  (1901), 
Pettenk.i-Kri(»chcnko  and  E.  EUschaninoff,  y.  A'nu.  Pfiys.  Chrm.  Sx., 
SA,  146  (1903).  Pctrcnko-Krilschenko  and  A.  Konschin,  iW/.,  8B.  404 
(1903).  Pelrenko-Ktilschenko  nnri  E.  REStnec,  Mi.,  U.  tfA  l.top'i\. 
Pttnnko-KriuKhettito    and     T,    DolgopoloR.    tftW,.    W,   ^V>*l   V^iWi^- 
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been  working  with  Ihe  purpose  of  showing  thai  the  cuncnt 
view  is  incorrect ;  and  it  seems  desirable  to  discuss  his  results 
in  order  to  see  how  far  his  deductions  from  ihem  are  justifieti. 
His  earlier  papers  were  based  upon  the  following  hypothesis. 
It  has  been  sliown  by  Menschuikin  and  others  that  the  reactivity 
of  a  cyclic  compound  is  usually  greater  than  that  of  ils  ali- 
phatic analogue ;  and  this  Petrenko-Kritschenko  endeavoured 
to  explain  by  assuming  that  the  ring  structure  tended  to  remove 
ihe  groups  nearest  the  reactive  radical  from  its  sphere  of  action, 
and  so  diminished  the  sieric  hindrance  to  its  activity,  A  con- 
crete example  will  make  this  clear.  If  we  consider  the  case  of 
the  ketonic  compounds  (I.)  and  (11.):— 


\; 


o 

II 

H  -C         C— H 


(I.)  (It.) 

it  is  evident  that  in  the  compound  (I.)  the  reactions  of  the 
carbonyl  group  will  be  subjected  to  steric  hindrance  from  the 
groups  X,  for  since  free  rotation  will  exist  around  the  carlion 
atoms  to  which  the  X  groups  are  attached,  these  X  gioups  are 
certain,  sooner  or  later,  to  vibrate  into  the  positions  shown  in 
the  first  figure.  On  the  other  hand,  if  we  join  the  two  X  groups 
together,  thus  forming  the  cyclic  compound  (11.).  the  steric 
hindrance  due  to  them  will  be  much  less  than  in  the  last  case. 
This  can  be  seen  by  comparing  the  formula;  (I,)  and  (]I.); 
it  will  he  seen  that  in  (II.)  the  X  groups  are  much  further 
removed  from  the  sphere  of  action  of  the  carbonyl  group  than 
they  are  in  (I).  It  may  be  objected  that  compound  (II.)  might 
be  written  thus;  — 

Pclrcnko-Kritschenko,  Annatin,  MI,  150(1905).  Petrenko-Krilsdienl' 
and  A.  KatiH^hin,  ibid.,  MS,  51  (1905).  Pelrenko-Krilt^clienko  ai 
A.  Konschin,  J.  Rttss.  Phys.  Chtm.  So.:,  87.  1127  (li>o6).  I'ciKol"'- 
ft^ritschenko  and  Vi'.  Kanwch^.llcr..^,  v^t,l^.^^f*\- 


which  case  the  steric  hindrance  would  seem  to  be  increased 
the  ring-formation.  If  a  model  be  constnicied,  however, 
will  be  round  that  (III.)  is  a  very  strained  and  improbable 
ifiguration.  So  far,  then,  we  may  admit  that  Petrenko- 
ilschenko's  views  are  correct.  Undoubtedly  the  steric 
idrance  in  the  case  of  the  cyclic  compound  would  be  less 
Ln  in  the  corresponding  open-chain  derivative. 
We  must  now  see  what  method  Petrenko-Kritschenko 
;d  in  order  to  determine  the  relative  degree  of  hindrance 
[tericnced  in  the  two  cases.  Since  he  was  dealing  with 
:ones,  it  seemed  natural  to  employ  the  ordinary  ketonic 
ictioos,  which  lead  either  to  addition  compounds  or  to  pro- 
cts  in  which  the  oxygen  of  the  carbonyl  group  is  exchanged  for 
rious  radicals;  and,  in  point  of  fact,  he  utilised  the  formation 
bisulphite   compounds,    of  oximes,   and    of    phenylhydra- 


,C:0     +     NH.,OH     =  C:N.OH 


C:0   +   NH.,NH,C„Hs   =  CiN.NH.C.H,  +    H.,0 


When  we   consider   how   steric   hindrance   can   best  be 
lastu-ed,  it  becotnes  apparent  that  we  &Vu>u\&  &n4£ai.N<:ra.x  \o 
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estimate  the  initial  velocity  of  the  reaction  we  are  studying, 
and  not  merely  ascertain  the  gross  amount  of  product  which  is 
formed  after  an  arbitrary  time  has  elapsed.  It  has  been  shown 
by  Menschutkin  that  the  initial  velocity  and  the  total  amount 
of  substance  formed  after  the  reaction  has  run  its  course  do 
not  stand  in  any  simple  relation  to  one  another.  Petienko- 
Kritschenko,  however,  merely  measured  the  amount  of  reaction 
product  which  he  obtained  after  the  lapse  of  one  hour.  Such 
a  method,  when  applied  to  reversible  reactions  such  as  the 
formation  of  bisulphite  compounds,  can  yield  no  very  valu- 
able results.  His  figures  may  be  quoted,  however,  for  the 
sake  of  comparison  with  those  he  obtained  later  by  other 
methods : — 


CHaCO.CHa 

32  per  cent 

\_^ Jrig^v^v^* v^  ri>|>v^ ijL^  ••••.«• 

14 

CHa.CO.CHi.CHa  CH3 

"•4     „ 

(^H.3.C^O.(^Hi2.CH2.C^H2.0H2.C^H.2.Cxia 

5*7        n 

CHa.C0.CH(CH3)a. 

27      „ 

(_/Ha.Crl2.C^O.Cri2.C^ri3 

1-8     „ 

(^  Hg.C^H.j.C^O.C^Ha.C^ri'j'^^a* 

20     „ 

Crl3.CHa.Cri3.CO.CH2.CH2.CH3    . 

o'o      „ 

The  results  obtained  in  a  similar  manner  for  the  cyclic  ketones 
were : — 


CH2-CH2— CHj 


CH— CH,— CH, 


\ 

/ 


CO 


4-8% 


CH^-CHa 
/  \ 

CH.j  yCO     t     • 

\  / 

CHy — CHj 


•     •     35  "0% 


CH3 — CHo 

/ 
CHq — CH^ 


CO 


70% 


Bse  figures  it  appears  that  in  most  cases  the  cyclic 

Hind  is  more  reactive  than  ils  aliphatic  analogue.     As  we 

stated,  however,  too  much  reliance  cannot  be  placed  upon 

.,  owing  to  the  hydrolysis  which  takes  place  during  the  time 

action. 

The  results  which  Pelrenlco-Kritschenko  obtained  by  using 
oxylamine  instead  of  poiassium  bisulphite  are  probably 
1  more  accurate.  His  method  in  this  reaction  was  as 
ws.  A  milligramme  molar  solution  of  hydroxylamine  in 
T  was  plaeed  in  a  loo-c.c  flask  and  diluted  with  an  equal 
ht  of  alcohol.  The  flask  was  then  placed  in  water  of 
nary  "  room  temperature  "  for  twenty  minutes,  after  which 
irresponding  quantity  of  a  milligramme  molar  solution 
1  ketone  in  50  per  cent,  alcoholic  solution  was  added, 
reafter  the  flask  was  filled  up  to  the  mark  with  50  per  cent, 
hoi,  shaken,  and  allowed  to  stand  for  an  hour.  At  the  end 
his  time  the  remaining  hydroxylamine  was  estimated  by 
lion.  By  this  means  the  following  figures  were  obtained, 
y  represent  percentages  of  oxlme  formed  in  one  hour  : — 


CH^CO.CH,, 

9    CH,.CO.CH.j.CH 

i    CH..CO.CH,.CH,CH.  ... 

CHrCH,.CO.CH.„CH,     .... 
'  CHrCIi,.CO.CH.^CH,,.CR,       . 

CH^CH,.CH^CO.CH...CH.jCH,    .     . 

CH,.CO.CH,.CH.,.CH.^CH.j.CH.,.CH, 

CH,.CO.CH(CH,)a 

CH,.CH.,.CO,CH(CHA 

C.H,.CO.CH., 

C,H,.CHO 

(CH.VCH.CHO      ..... 


746 
379 
368 

676 

33 'o 


85-0 
76-7 
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CH,-CH,-CH, 

I  >o "■■ 

Cflf — CHj — Cn^ 
^CH.-CH, 


TH^CH, 
CH,— CH, 

I  )C0 6i-8 

CH,— CH, 

CHi— CH, 

II  3^-4 

CH^CH,CO.CH,.CH, 

CH, 

I     \h.CO.CH, 91 

The  reaction  between  ketones  and  pheiiylhydraiiiif  1 
carried  out  similariy  to  that  with  hydroxylamuie ;  and 
surplus  phenylhydrazine  was  estimated  by  tho  method 
E,  Meyer.'     The  percentage  results  obtained  are  as  follows 

CH.,CO.CH, 66 

CH,.CO.CH,.CH.   ...  5» 

CH,.CO.CH,CH.,.CH, 38 

CH,.CO.CHj.CH,CH,CH,-CH,XH,      .  31 

CH,.CO.CH(CH,)., .15 

CH,.CO.C(CH,)a 36 

CH,.CH,CO.CH^CH, 11 

CH,.CH,,CO.CIi,.CH».CH, 10 

CH,.CH,CO.CH(CH,), 3-7 

CH,.CH^CH*CO.CH,.CH,,.CH,    ...       75 

C,H.,CO.CH(CH,), 0-5 

\  CH..CO.CH.CH.CO.CH,    Q,^^^  \'^?^ 
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CH^ — CHj — CH9 

"^CO a6-9 

C  Hg —  C  Ha — C  H  J 
CHa— CH, 

riT^  Vn  ( one  molecQle     397 

^n^^  K.^        .      .      1  haif.^oiecule      56 

CHa — Cxxa 

Gtio — Cxio 

^CO.     .......     .     4a-3 

CH2 — CHj 
CH2 — CH2 

I        !  7*5 

CHa— CH— CO— CH2.CH, 
Ctla — CHa 

I  I  1-2 

CHa— CH.CO.CeH, 

CHa 

CH.CO.CHj  ........      i5*6 


i 


From  these  figures  it  is  clear  that  at  the  end  of  an  hour 
much  greater  quantity  of  reaction  product  is  present  in  the 
se  of  the  cyclic  ketones  than  in  that  of  the  analogous  open- 
ain  compounds.  Petrenko-Kritschenko  ascribes  this  to  the 
moval  of  the  atoms  of  the  cyclic  chain  from  the  sphere  of 
fluence  of  the  carbonyl  group  in  the  manner  explained 
fore;  but  in  view  of  the  fact  that  cyclic  compounds  are 
iich  more  tautomeric  than  open-chain  ones,  the  theory  of 
e  nascent  carbonyl  group  *  appears  to  afford  a  much  more 
obable  explanation  of  his  results. 

There  are  other  ways  in  which  the  problem  may  be 
»proached.     For  instance,  MassoP  employed  the  following 


♦  See  p.  316. 

'  Massol,  CompL  rend,^  180,  338  Uy»V 

V.  p.  a  i\ 


I 
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method.  He  measured  the  heals  of  neutralisation  tviih  causli 
potash  of  a  series  of  open-chain  dibasic  acids,  beginning  wil 
malonic  acid  and  going  up  the  homologous  series  tili  he  cam 
to  sebacic  acid,  which  has  a  chain  of  eight  methylene  group 
between  the  two  carboxyl  radicals.  His  results,  calculaia 
from  the  equation  : — 


C.H^jO. 


sKOH   =    C,H,^O.K,   +  2H,0  +  Q 


are   as  follows,   the 

quantity    Q    being    expressed    in  | 

calories  :— 

Malonic  acid  . 

.     COOH.CH,.COOH   . 

Q 

Succinic  acid  . 

.     COOH.(CH,),.COOH 

4640 

Glutaric  acid  . 

.     COOH.(CH,)3.C0OH 

44'aj 

Adipic  acid      . 

.     C00H.(CH,),.C0OH 

4S"45 

Pimelic  acid   . 

.     COOH.(CHa)..COOH 

45  "45 

Suberic  acid    . 

,     COOH.(CH,),.C00H 

4476 

Azelaic  acid    . 

.     COOK.  (CH  J:.  COOK 

44-76 

Sebacic  acid   . 

,     C00H.(CHJ„,C0OH 

43*99 

From  these    results   it  appears  that  the  five-membered  chiiiB 
has  no  particular  advantage  over  its  fellows ;  but  that,  instcaii,  | 
there  is  a  steady  decline  in  value,  as  the  carboxyl  groups  i 
set  further  apart. 

In  another  volume  of  this  scries'  it  was  shown  I 
considering  the  conductivity  of  a  dibasic  acid  from  the  j 
of  view  of  the  problem  before  us,  we  had  to  consider  t 
second  i on i sat  ion-constant  rather  than  the  first.  The  iigo 
given  in  that  place  for  the  second  ionisation-c 
various  acids  support  Massol's  results,  as  there  seems  to  U 
special  value  to  distinguish  the  five-membered  chain  fi 
others,  It  should  be  noted  thai  an  increase  in  the  ! 
ion isation -constant  indicates  thai  the  carboxyl  groups  9 
being  removed  further  from  each  other  in  space. 


'  EUtb*-C\mAitr),\ts\\.,\^''^  K.'UA&iiil^^H'  "»-IIJ- 
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y 


Malonic  acid  . 

Succinic  acid  . 
Glularic  acid 
Adipic  acid 

Pimelic  acid  . 

Suberic  acid  . 


C0OH.CH,.CO0H . 
COOH.(CH,),.COOH 

CO()H.(CH,VCOOH 
CO0H.(CH,)..C00H 
COOH.(CH,),.COOH 
COOH.(CHJ„  COOH 


A  general  discussion  of  the  question  as  far  as  it  concerns 
he  halogen-substituted  acids  is  to  be  found  in  a  paper  by 
?"reer.'  The  original,  being  chiefly  ]iolemical,  need  not  be 
leak  with  in  detail  here ;  the  results  arrived  at  were  as 
ollows  :^ 

— C— C— C— C— COOH 

I       I       I       I 

S       y       /J       a 


The  influence  of  the  halogen  atom  on  the  carboxyl  group 
Ian  be  regarded  as  the  sum  of  two  factors.  The  first  factor 
3epends  upon  the  number  of  carbon  atoms  in  the  carbon  chain, 
%n  increase  in  the  length  of  the  chain  reducing  the  strength 
af  ihe  acid.  The  second  factor  concerns  the  actual  distance 
in  space  between  the  halogen  and  carboxy!,  and  its  influence 
is  shown  in  the  rapidity  with  which  halogen  atoms  in  the 
y-posilion  can  be  hydrolysed.  If  we  judge  from  the  effect  of 
Ihe  first  factor  alone,  the  y-position  is  further  away  from  Ihe 
carboxyl  than  the  a-position  ;  but,  if  we  take  the  second  factor 
alone  into  account,  the  reverse  seems  true.  In  comparison 
with  the  y-compounds,  the  S-chlorinc,  bromine,  and  iodine 
derivatives  of  valerianic  acid  show  a  decrease  in  initial  con- 
ductivity;  so  that  here  the' influence  of  the  number  of  carbon 
atoms  in  ihe  chain  makes  itself  felt.  The  fi-acids,  too,  hydrolyse 
much  more  slowly  than  the  y-derivatives ;  and  since  it  is  found 
that  in  this  respect  the  S-  and  /3-acids  both  liave  less  activity 
than  the  y-ones,  the  y-position  must  be  supposed  to  be  nearer 


'cr,  Annalm,  819,  345  \y^\\. 
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in  space  to  the  a-position  than   is  the   case  with  either  the 
|3-  or  the  8-position. 

Prager  ^  attacked  the  problem  from  another  side.  Starting 
from  the  fact  that  phenol  has  the  faculty  of  coupling  with 
diazo-benzene,  he  traced  this  to  the  structure  of  phenol ;  and 
then  endeavoured  to  find  an  analogous  aliphatic  substance. 
This  he  discovered  in  the  compound  oxalo-crotonic  ester,  for, 
as  can  be  seen  by  comparing  the  formulae,  the  two  have  very 
similar  structures :  — 

OH  OH 

I 


c  c 

•  HC   CH         •HC   COOEt 


HC,  CH  HC   COOEt 

V/  V  / 


c 


V 


H  H 

He  found  that  oxalo-crotonic  ester  did  react  with  diazo-benzene, 
and  t7ifo  of  the  hydrogen  atoms  in  it  could  be  replaced  by 
the  diazo-benzene  radical.  These  two  atoms  are  marked  with 
asterisks  in  the  formula,  and  for  the  sake  of  comparison  those 
of  the  phenol  which  can  be  replaced  in  the  same  way  are  also 
marked.  So  far,  however,  no  proof  had  been  obtained  that 
the  special  grouping  had  much  to  do  with  the  reaction,  as  it 
might  have  been  attributed  to  the  presence  of  the  double  bond 
in  both  compounds.  Prager  was  able  to  show  that  no  reaction 
took  place  with  either  crotonic  ester,  CHs.CHiCH.COOEi, 
or  sorbic  acid,  CH,.CH:CH.CH:CH.COOH.  Since  the  latter 
contains  the  proper  arrangement  of  double  bonds,  it  is  evi- 
dent that  they  alone  are  not  concerned  in  the  matter.  The 
only  remaining  factor  is  the  hydroxyl  group.  Now,  in  phenol 
the  diazo-radical  enters  the  para-position  first,  and  then 
afterwards  the  ortho-position ;    in    oxalo-crotonic  ester  these 
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oiiditions  are  reversed.  This,  however,  is  a  secondary  matter  ; 
ic  main  point  is  that  in  both  compounds  the  hydrogen  atoms 
1  the  same  relative  positions  in  the  chain  are  attacked.  If, 
owever,  we  write  the  formula  for  oxalo-cro tonic  ester  in  the 
ig-zag  form,  there  is  practically  no  resemblance  between  it 
lid  phenol;  certainly  the  resemblance  between  the  two  com- 
ounds  is  not  nearly  so  clear  as  it  is  in  the  first  two  formulfe  ;— 


i 


OH 

A 

•  HC      CH 

I        II 
HC      CH 


H 


OH 

I 

ClI. 
COOEt 


\^ 


rhis  evidence  may  not  bc'  very  strong,  but  it  certainly  favours 
tie  view  that  the  open-chain  com()ound  resembles  its  cyclic 
.nalogue  in  configuration.  Its  weak  point  lies  in  the  tacit 
ssumption  that,  in  this  reaction,  the  configuration  plays  a 
;reater  rile  than  the  structure. 

In  the  course  of  some  work  which  has  not  yet  been 
lublished,  Ba!y  and  Stewart  made  an  observation  which,  as 
,s  far  as  it  goes,  appears  to  be  in  disagreement  with  the  view 
hat  open  and  closed  chains  have  similar  configurations  in 
pace.  It  was  stated  by  Hartley  and  Dobbie'  lljat  dikelo- 
texaniethylene  :  — 


gxanii 


CH,- 


-CH, 


.howed  no  selective  absorption.     As  this  did  not  agree  with 
he  views  of  Baly  and  Stewart,  they  repeated  the  experimeols, 

'  Hartley  and  Dobbie,  Tmiu.,  18,  S9&  Vl■*9*^■ 
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using  a  specimen  of  diketo-hexamethylene  kindly  furnished  by 
Prof.  W.  H.  Perkin,  jun.  The  results  with  this  compouiid 
were  different  from  those  arrived  at  by  Hartley  and  Debbie, 
as  it  was  found  that  the  spectrum  contained  a  long  absorpdoo 
band,  having  its  head  at  3550,  and  extending  from  20  mm. 
to  5  mm.  of  an  N/ 10  solution.  It  was  also  noticed  that  dus 
band  was  eliminated  when  hydrochloric  acid  was  added 
solution ;  and  on  referring  to  Hartley  and  Dobbie 
appeared  that  their  substance,  from  the  method  of  preparation, 
probably  contained  traces  of  sulphuric  acid,  which  would 
account  for  their  failing  to  obtain  the  band  in  their  photo- 
graphs. 

Now,  if  we  write  the  formulas  of  acetonylacetone  and 
dikcto-hexamethylene  side  by  side,  it  will  be  seen  that  they 
arc  analogous  in  form  : — 

CO  CO 

/     \,  /       \^ 

CHo         Crif  CHa         CHj 


iced  that  tus 
added  to  the  I 
tie's  paper  it  h 


CHo        CH,  CHa        CH, 

\     /  ^        / 

CO  CO 

Wc  should,  therefore,  expect  to  find  a  similarity  in  their 
si)eclra,  if  Prager's  view  be  correct.  There  is,  however,  very 
small  resemblance  between  the  two  compounds  in  this  respect, 
for  while  diketo-hexamethylene  has  an  absorption  band  of 
j^reat  persistence,  the  band  in  acetonylacetone  is  remarkable 
for  its  shallowness.'  The  results  of  Petrenko-Kritschenko  are 
here  in  agreement  with  those  described  above,  as  he  found 
that  the  reactivity  of  the  carbonyl  radical  in  acetonylacetone 
was  very  low  in  comparison  with  that  of  diketohexa methylene. 
Thus,  if  we  allow  Prager's  assumption  that  configuration  and 
not  structure  determines  the  reactivity  of  certain  radicals,  the 
spectroscopic  evidence  is  not  in  favour  of  a  cyclic  configuration 
for  such  a  compound  as  acetonylacetone. 

It  has  been  mentioned  that  Heyl  and  Victor  Meyer'  showed 

«  Ucy\  and  \  .  Nle^tt,  Bcr .,^,  -XH^  V>»*iiSV 
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^-     ---  -  --    cases   of   aconiuc   and   tricarballylic   acids,    no 

nindrancf  to  the  esterification  process  was  apparent.  This, 
aJso,  might  be  adduced  as  evidence  in  favour  of  the  cyclic 
<=oiiligiiration  of  the  chain  ;  for  if  the  formula  of  these  acids  be 
■^written  in  a  cyclic  form,  it  will  be  seen  that  the  carbon  atoms 
of  two  carboxyl  radicals  lie  in  the  1,5-position  lo  each  other, 
£t.nd  would  therefore  be  far  removed  from  the  third  carboxyl 
group  which  lies  at  the  centre  of  the  cluin  :— 


COOH 


A 


iiooc  coun 


COOH 

I 

CH,         CH, 

\   / 

HOOC  COOH 

Tricirbillylic  acid. 


The  strongest  evidence  in  favour  of  the  cyclic  view,  how- 
ever, has  already  been  dealt  with  in  the  chapter  on  Chain 
Formation.  When  we  consider  the  enormous  amount  of 
material  which  lias  been  gathered  together  in  favour  of  the 
Dynamic  Hypothesis,  it  seems  certain  that  some  peculiar 
relation  exists  between  the  positions  i  and  5,  or  1  and  6  of 
carbon  chain ;  and  since  tliese  positions  are  the  ones  which 
would  most  probably  be  adjacent  if  the  chain  vrere  cycli 
form,  there  seem  lo  be  strong  grounds  for  supposing  that  the 
chain  does  assume  the  ring  shajje,  or,  at  any  rate,  vibrates 
into  this  form  at  very  frequent  intervals. 

Another  series  of  experiments  must  be  described,  however, 
which  point  to  a  different  conclusion.  Pelrenko- Kritschenko 
and  Konschin,'  with  whose  results  those  of  Evans,  given  later 
in  this  chapter,  should  be  compared,  have  measured  the  velocity 
of  the  two  reactions,  {a)  between  glycol  monochlorbydrins  and 
caustic  potash,  and  ifi)  between  alkyl  dibromides  and  zinc 
dust: — 


'  Peueako-KritKbeako  and  KoiucIud,  AMHaltn,  1 


J 
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(CHJ.  0 
I      / 


I 
CH,Br 


(CHJ. 


CH, 


Till;  constants  were  calculated  froni  the  usual  equatiuii  luil 
bimolecular  reaction.  The  method  and  results  art  gi«o> 
below. 

One  milligramuie-inolecule  of  the  chlorohydrin,  and  on: 
milligramme- molecule  of  caustic  potash  were  dissolved  io 
loo  c.c.  of  aiiueoiis  alcohol,  of  such  a  strength  tliat  aflcillK 
mixture  of  the  alkali  and  clilorohydrin  was  complete,  ihe 
con  cent  ration  of  alcohol  in  the  solution  amounted  to  54  pet 
cent.     Thi;  temperature  was  2^-<f  C.     The  results  were; 


Ethylene  chlorohydrii 
CH,,Cl.CH,OH 


y-1'entyiene  chlotoliydrin,      ' 
CH,.CHa.CH,.CH,.CH,OH'i 


60 


i6-8s 

00135' 

a9'6o 

001401 

37-39 

0-0131: 

43*6' 

001189 

4-15 

_ 

5->9 

o-ooo;6 

675 

O-00097 

778 

0-000,1 

In  the  next  series  of  e.vperinients  the  method  was  v&riel 
slightly.  One  milligramme-molecule  of  the  chlorohydrin  ' 
mixed  with  ten  milligramme-molecules  of  caustic  potash  in 
c.c.  of  aqueous  alcohol.  The  alcohol  concentration  after 
mixture  was  48  per  cent.  The  temperature  in  this  case  1 
W9H  34'g''  C. :— 


similar  conditions,  with  the  exception  that  the  tetn- 
c  was  raised  to  697'^  C,  tlie  following  results  were 
-d:— 


Ihylenc  chlorohydri 

'i 

45 

4-15 

f 

60 

778 

1 

( 

15 

2ry 

Jiylene  chlorohydrin 
(undistilled) 

1 

I 

3° 
45 
60 

23'9 
»S"44 
25"44 

xylene  chlorohydrii 
;■     (distilled) 

'S 

30 

45 

ir4i 

14-54 
1660 

60 


18-17 


10207 


&ese  results,  Petrenko-Krlischenko  is  convinced  that 
a  a  sudden  fall  in  the  velocity  of  the  reaction  when 
:ompound  is  replaced  by  tiie  ^-one ;  and  that  no  great 
ice  seems  to  exist  between  ihe  other  members  of  the 

although  the  y-compound  appears  to  have  a  slightly 

reaction  velocity  than  its  neighbours. 

e  method  timployed  in  the  case  of  ihe  Tcaia.\oft\ie».«e!w\ 


r 
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intlilk  I 


zinc   dust   and    the    alkyl   dibromides   was  as   follows. 
milligrarmnt-molecule  of  the  dibromide  and  one  railligrammc- 
alom  of  zinc  dust  were  mixed    in  a  flask  with  100  cc,  of 
50  per  cent,  alcohol.     The  mixture  was  shaken  for  an 
(or  six  hours)  in  water  of  temperature  between  18'  C. 
19°  C,     At  the  end  of  fixed  times,  the  amount  of  rcat 
product  was  estimated.    The  following  results  were  obtained  r- 

ihoui,  6hin! 
Pet     Po 

Ethylene  bromide    .     .     CH.Br.CH.Br ig'Sj      - 

Ptojiylene  bromide  .     .     CH.Br.CHBt.CH,  .     .     ,           .     kcS;    55S» 
Trimelhylene  bromidu  .     ClLBr.CH,.CH,,Br    ... 
T-Peniyiene  bromide     .     CH,.CHBr.CH,.CH,.CII,Ut 
Penlaraelhylenc  bromide   CHjBr.CH,.CH,.CH,.CH,Br 
a-HeicyU-iH!  bromide     .     CH,Br.CH,.CH,.CHrCHBr.CH,   1-91 
Two  molecules  of  metliyl  bromide O'J 

The  peculiarities  of  the  six-hour  figures  are  attiibuid  n 
the  presence  of  zinc  oxide  in  the  zinc  dust.  Here  again  '^ 
yield  in  the  reaction  between  atoms  in  the  a-position  U 
each  other  far  exceeds  that  of  those  in  llie  y-position. 

Ai^utnents  based  upon  the  formation  of  cyclic  compouni  lui 
are  apt  to  be  fallacious  in  this  special  branch  of  the  subjed 
for  in  most  cases  all  that  we  can  do  is  to  measure  the  flibiU  i.  i 
of  the  ring  after  it  has  been  formed,  which  is  a  very  dil 
thing  from  measuring  the  amount  of  energy  required  U 
it.  In  the  case  of  maleic  and  fumaric  acid,  for  example,* 
can  determine  the  amount  of  energy  necessary  to  conveitli 
unfavourably  configured  fumaric  acid  into  the  maleic  f( 
which  is  more  favourable  to  anhydride  formation; 
then  estimate  the  energy  required  to  change  the  add  iiitoi 
anhydride.  Next,  reversing  the  process,  we  can  detenW  1 
the  stability  of  the  anhydride  ring,  and  the  amount  ofeDCfl  J 
liberated  when  maleic  acid  is  transmuted  into  fumaric  »(3 
We  are  enabled  to  do  ihis  by  the  fact  that  each  of  the  in» 
mediate  compounds  is  a  stable  substance  with  which  " 
deal  practically.  But  when  we  come  to  estimate  the  diffcir" 
between  (a)  the  amount  of  energy  re<iuired  to  form  a  lart 
from  an  acid  whose  auiaa  axii  3.\T'i'cv{,«-^>-t\^''jiKKi\ti.'i.iJ^ 
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,  and  (6)  ihe  amount  of  energy  which  the  same  operation 
require  after  the  atoms  of  the  acid  have  been  brought  into 
ore  or  less  cyclic  configuration,  we  have  no  experimental 
lod  at  our  disposal.  For  the  cyclic  configuration,  once 
.ed,  may  be  as  unstable  as  the  zig-zag  one ;  we  have  no 
ns  of  knowing  whether  it  is  or  not ;  and  in  any  case  we 
lot  isolate  the  intermediate  form.  With  the  exception 
i'etrenko-Kritschenko,  every  one  who  has  attacked  the 
ilem  seems  to  have  been  confused  by  this;  and  yet  it 
18  obvious  that  two  operations  are  necessary  in  order  to 
1  a  ring  compound  :  (i)  the  chain  of  atoms  must  be  brought 

a  cyclic  configuration;  (2)  the  ring  must  be  formed  by 
ing  the  ends  of  the  chain.  The  energy  required  for  each 
ration  is  independent  of  the  amount  required  for  the  other. 
For  the  present,  the  material  at  our  disposal  is  loo  meagre 
How  of  any  dogmatisation  on  the  subject.  All  that  we  can 
ly  say  may  be  summed  up  in  a  few  words.     We  do  know 

the  five-  and  six-membered  rings  are  more  stable  than 
ie  containing  a  greater  or  less  number  of  atoms  ;  it  therefore 
ns  probable  that  in  the  normal  chain  compounds  those 
taining  five  and  sis  carbon  atoms  caa  be  brought  into  con- 
rations  more  nearly  cyclic  than  those  containing  less  than 
,  if  the  amount  of  energy  expended  be  the  same  in  each 
•„  But  from  this  we  must  not  deduce  that  such  a  cyclic 
ngement  of  the  atoms  is  immutable.  On  the  contrary, 
1  an  assumption  ap[>ears  quite  unwarranted;  for  when  we 
sider  the  external  influences  which  at  any  moment  are 
Jght  to  bear  upon  a  molecule,  it  seems  in  the  highest 
ree  improbable  that  any  arrangement  of  atoms  could 
ntain  a  rigid  configuration  for  an  appreciable  time. 

I.  METHODS  BY  WHICH  THE  CONFIGURATION  OF 
MOLECULES  MAY  BE  DETERMINED  WITHOUT 
THE  AID  OF  OPTICAL  ACTIVITY. 
We  must  now  turn  to  the  second  division  of  the  subject,  and 
mine  the  evidence  by  means  of  which  we  are  led  to  assign 
sin  conb^rauoui  lo  open-chain  compounds.    Vti  liasi  tasR 
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of  the  sugars,  it  will  be  remembered,  this  was  done  by  utilisioi 
the  optical  properties  of  the  substances;  but  when  we  cooii 
to  deal  with  compounds  which  are  not  optically  active,  th| 
problem  becomes  much  more  complicated.  In  most  cases  ij 
is  insoluble,  as  the  means  at  our  disposal  are  insufficieoKj 
Even  when  we  can  put  forward  certain  views,  it  can  be  dood 
only  in  the  most  tentative  manner.  It  must  therefore  be 
understood  that  the  results  with  which  we  shall  deal  in  the  r^ 
mainder  of  this  chapter  are  merely  exceptional  cases  in  which 
some  particular  property  of  the  substances  enables  us  to 
ascribe  certain  configurations  to  them  as  being  the  most 
probable. 

In  the  first  place,  we  may  mention  the  deductions  of 
Bruni  ^  from  the  formation  of  solid  solutions.  In  his  view, 
two  organic  compounds  of  analogous  structure  will  form  a 
solid  solution  only  if  their  configurations  are  similar.  Now,  lie 
finds,  for  example,  that  when  determining  the  molecular  weight 
of  maleic  and  fumaric  ester  cryoscopically  in  succinic  esier 
solution  he  obtains  a  normal  value  for  maleic  ester  (149*5  toi 
164,  calculated  value  144) ;  but  with  fumaric  ester  he  gels  the 
abnormal  value  of  797  to  914.  From  this  he  deduces  that 
the  configuration  of  the  succinic  acid  molecule  resembles  that 
of  fumaric  acid  rather  than  that  of  maleic  acid.  This  implies 
that  in  succinic  acid  the  carboxyl  groups  are  averted  from  each 
other  as  far  as  possible,  a  question  with  which  we  shall  deal 
later  on  from  a  different  standpoint.  In  a  similar  manner,  he 
concludes  that  stilbene  resembles  azobenzene  in  confijruration. 
It  appears  probable  that  azo-benzene  has  the  trans -configura- 
tion :  — 

CeH,-N 


N— QH^ 

so  by  analogy  stilbene  also  should  be  a  trans-compound 

CeHa — C — H 


H— C-CH 


*  Bruni,  Uthir  Vt%U  Lojungen,  AKreiOs  VorlTag»-iammluti^O^\ 


»cid  seems  to  stand  in  the  same  relation  to  butyric 
tmaric  acid  does  to  succinic  acid  j  while  iso-crotonic 
»es  to  butyric  in  the  same  way  as  ma!eic  acid  does 
c  acid.  According  to  this,  crotonic  acid  would  have 
Old  configuration,  and  the  six  compounds  might  be 
id  thus  :— 


I— H 


CH,— C— H 


H— C— CH„ 


I 


H— C— COOH         H— C— COOH 


m-H  COOH-C-H  H-C-COOH 

SI-COOH  H-C-COOH        H-C-COOH 

dc  ndd.  Fumaric  aci-I.  MaleLc  acid. 

juration  of  phenyl -propionic  acid  was  deduced  in  a 
ly  from  the  fact  that  it  forms  a  solid  solution  with 
Rcid  of  ra.p.  133"  C,  but  none  with  the  allo-cinnamic 
1°  C.  Since  the  latter  is  supposed  to  be  the  maleinoid 
Byl-propionic  should  be  similar  to  a  fumaroid  deriva- 
ifiguration.  Other  instances  are  known,  but  it  is  not 
to  describe  them  in  detail. 

ive  already  shown  the  significance  of  the  dissociation 
of  acids  in  the  problem  of  chain  configuration  :  we 
give  an  example  of  their  application  to  the  present 
If  we  take  an  ordinary  monobasic  aliphatic  acid  and 
the  dissociation  constants  of  il  and  its  alkyl  deriva- 
Snd  that  the  more  alkyl  groups  we  introduce  into  the 
the  more  we  depress  the  dissociation  constant.  For 
the  acetic  acid  series  gives  the  following  figures  ; — 


ad      ...     .     H.COOH  . 
a-     .  -     .      CH,.COOH 


acid .  .  . 
'.  acid  .  . 
Ketic  acid  . 


CH,,.CH,.COOH 
(CH,),.C  H.COOH 
(CH,),.C.COOH 
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The  same  influence  holds  good  in  the  malonic  acid 
also,  as  Walker's  results'  show  ; — 

K 

Malonic  acid CH,.(COOH)a  .... 

Methyl-malonic  add .  .  .  CH,.CH.(COOH),  .  . 
Dimethyl-malonic  acid  ,     .     (CH,)^C.(COOH),     .     . 

When,  however,  we  turn  to  the  succinic  acid  series,  the 
rule  does  not  appear  to  hold.  It  should  be  pointed  oi 
the  disubstiCuted  sutxinic  acids,  like  the  tartaric  acids,  cai 
in  different  stereoisoineric  forms,  the  configurations  of 
may  be  indicated  by  the  formulse : — 


X         Y 

I  1 

COO  H— C C— COOH 


H 


The  dissociation  constants  for  various  substituted  s 
acids,  determined  partly  by  Walden,"  and  later,  wit! 
substances,  by  Bone  and  Sprankling,"  are  as  follows  : — 


L 


K  (EJoi 

{WaUlen)        Spt» 

Succinic  acid .     00068 

Isopropyl-succinic  acid o"oo75 

Ethyl-succinic  acid 00085    ,^^_ 

Methyl-succinic  acid o'oo8i^^^^| 

Isobutyl-succinic  acid o'oo8^^^^| 

Propyl-succinic  acid o'009t^^^| 

Allyl-succinic  acid 0*0109  ' 

Dimethyl-succinic  acid  (para)      .     .     o"oi9i         ox 

■  Walk«.  7VflBj.,  61,  696(1892). 

'  W.-Jden,  Zdt.  fhysikal.  Ckm.,  8,  4jt3  (iSgl). 
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IWaJdtn)        Spronkling} 


Dimelhyl-succinic  acid  (and)  .     . 

0-OI23 

Ethyl-methyl-succinic  acid  (para) 

0-O3O7 

„    (ajiti). 

o'oaoi 

Trimethyl-succinic  acid .... 

o'03O7 

Propyl-diraethyl-succinic  acid 

°-o55i 

Ethyl-dimethyl-succinic  acid  .     . 

0-0556 

Tetramelhyl-succinic  acid  .     .     . 

0-0314 

'rom  these  figures  it  is  evident  that  the  substitution  in  this 
ase  has  had  an  effect  opposite  to  the  usual  one,  for  it  has 
aised  the  conductivity  instead  of  decreasing  it.  Now,  an 
ncrease  in  the  conductivity  of  a  dibasic  acid  generally  im- 
jlies  that  the  carboxyl  groups  are  being  brought  into  closer 
woxitnity  to  one  another.  For  instance,  the  conductivity  of 
ihthalic  acid  is  greater  than  that  of  isophthalic  acid,  and  maleic 
icid  has  a  greater  affinity  constant  than  furaaric  acid  ;~— 


Phthalic  acid 0-121 

Isophthalic  acid 0019 

Maleic  add    ,     .  1-17 

Fumaric  acid  ........  0-093 

[t  appears  probable  that  the  effect  of  substitution  in  the  case 
of  the  succinic  series  has  been  to  force  the  carboxyl  groups 
nearer  to  one  another  than  they  lie  in  the  simple  substance. 
Now,  from  Bruni's  results  we  are  justified  in  treating  succinic 
acid  as  having  the  fumaroid  configuration,  so  that  its  two 
carboxyl  radicals  may  be  supposed  to  lie  as  remote  from  cadi 
Dlher  as  is  possible  within  the  molecule.  Substitution  evidently 
brings  about  a  change  into  the  maleinoid  form  ;  but  while  in 
the  case  of  unsaturated  compounds  this  cliange  takes  place  in 
one  step,  in  the  case  of  the  saturated  substances,  owing  to  the 
free  rotation  of  the  carbon  atoms  around  their  axes,  the  process 
is  a  very  gradual  one,  each  new  group  introduced  into  the  mole- 
cule pushing  the  carboxyls  a  liltle  nearer  together.    Thus,  from 
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ihe  affinity  constants  we  can  gain  a  certain  amount  of  inronsiTi 
tioti  with  regard  to  the  configuration  of  these  at^ds. 

Evans'  endeavoured  to  determine  the  configurations  (rf 
various  chloroliydrins  by  comjiaring  the  velocities  with  which 
hydrocliloric  acid  was  eliminated  from  them  under  identiol 
conditions.  The  method  employed  by  him  was  as  foliows. 
EquimolecuJar  quantities  of  the  monochlorohydrin  and  causiie 
potash  in  very  dilute  solution  were  mixed  together,  and  ihe 
amount  of  potassium  chloride  formed  was  estimated  from  time 
to  time.  On  account  of  secondary  reactions,  the  coefiicieiitij 
calculated  from  the  equation  of  a  bimolecular  reaction  were 
more  or  less  variable ;  and  he  was  therefore  forced  lo  have 
recourse  to  extrapolation  in  order  to  obtain  more  accurab: 
results.     By  this  means  he  calculated  the  following  results :— 


Velocity  GODStHDl. 

a4S'C. 

M-C. 

43-6' C. 

Cn,Cl.CH,OH 

O-O06S 

0-0193 

o-osi] 

CH,.CHCl.CH,OH    .      . 

0-0+9 

0-I47 

o;o3i 

(CH,),:CCl.CH,on.      . 

1-73 

470 

(CH,),  ;CC1.CH(CH,)0H 

;:?i 

SOD 

9-40 

CH,C!.CH(OH).CH,Cl  . 

2'a7 

670 

CII,CI.CHCI.CH,OH      . 

0-32 

0-S4 

0-96 

CH,Cl.CH,.CH,OH  .      . 

Pnu:tiaLll]r  Dndecam 

P««i. 

These  results  he  interprets  in   the  following  manner. 
starts  from  the  assumption  that  the  speed  of  the  reaction  :- 


I! 


^a 


\k 


is   chiefly   influenced    by   the  distance   whicli   separate; 
chlorine  atom  from  the  hydroxyl  group.     The  slereochemia 
formulie  of  the  chlorohyiirins  must  therefore  be  brought  i 
agreement  with  the  velocities  found  by  him.      In  this  way  \ 
arrives  at  the  configurations  which  we  shall  now  describe. 


'  EvsLna,ZriI.fkynl"il.  Ch(in.,*V.-ssi'0»«<V 
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assing  through  the  centres  of  gravity  of  all  the  carbon 
In  the  chain  (which  are  represented  by  tetrahedra)  is 
»y  Evans  a  Principal  Plane.  In  ethylene  chloro-hydrin 
orine  atom  and  the  hydro xyl  group  lie  in  one  of 
principal  planes,  but  diametrically  opposite  to  one 
in  the  molecule,  as  shown  in  the  figure  : — 


Fig.  50. 

nomethyl-ethylene    chlorohydrin   the    two   groups    no 
ie  in  a  principal  plane,  but  are  placed  as  in  the  figure 


nethyl-ethylene  chlorohydrin,  the  configuration,  in  which 
irine  and  hydroxyl  lie  in  a  principal  plane,  is  selected  by 


%  ¥L 
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I  |iossible  configurations  for  trimfthyl-elhyle 


M 


In    trimethylene    chlorohy drill    the    chlorine    atom    and 
hydroxyl  group  again  lie  in  a  principal  plant; :— 


^m 
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As  regards  the  two  dichlorohydrins^  Evan  ascribes  to  the 
^mraetrical  one  the  configuration  : — 


Fig.  55. 
ind  to  the  unsymmetrical  one  the  following  configuration  :— 


Fig.  56. 

Now,  when  we  examine  these  figures,  it  is  evident  that  the 
ijlaiive  distances  between  the  chlorine  atom  atid  \.Vv^  VcjdxQ^'^V 


Via.  57. 


A  comparison  with  the  experimental  results  shows  that  il 

attribute  configuration  (I.)  to  dimethyl-ethylene  chlorobjt 
(II.)  to  monomethyl-etbylene  chlorohydrin,  u-dichlorohyi 
and  ;8-dichlorohydrin,  (III.)  to  ethylene  chlorohydrin,  and  | 
to  irimethylene  chlorohydrin,  we  shall  obtain  a  series  of 
figurations  which  agree  fairly  well  with  the  experimental  rai 
Tri  methyl -ethylene  chlorohydrin  may  be  either  (I.)  or  (11^ 
should  be  observed  that  in  ;fl-dichlorohydrin  only  one  a 
chlorine  atoms  is  active. 

It  is  very  curious  tliat  Evans  and  Petrenko-Kritsi 
starting   from  kindied  tesxjX.te,  ftvavift.  uxv««.  w,  « 
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h  are  diametrically  opposed  to  each  other.  Evans  finds 
lis  cxperimenls  a  conclusive  proof  of  the  semi-cyclic 
igement  of  three  carbon  atoms;  while  Petrcnko-Krits- 
ko,  arguing  from  very  similar  data,  denies  its  existence. 
Ve  have  now  completed  our  review  of  the  problem  of  the 
rmination  of  the  configuration  compounds  which  are  not 
ally  active;  and  it  has  been  made  evident  that,  when 
(ved  of  the  aid  of  the  polariscope,  we  are  unable  to  make 
great  progress.  It  is  possible  that  the  question  might 
Hacked  with  greater  chance  of  success  by  working  at  very 
temperatures  ;  as  in  that  case,  judging  by  analogy,  at  least, 
night  hope  to  render  more  stable  Ihe  configurations  with 
h  we  have  to  deal.  Until  some  such  method  is  employed, 
pears  that  the  problem  is  unlikely  to  be  solved. 


I 
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Ii  would  lie  impossible 
lo  (jivc  nnything  like  a  complctel 
Bjiacc  formula  of  bcnz.ene ;  all  f 
mariKc;  the  salient  points 
which  liavt  been  proposed  at  I 
lo  point  out  where  theory  and  I 
they  differ.  In  the  first 
review  the  re  qui  rem  en  Is  which 
mum  fulfil ;  those  properties  of  i 
directly  concerned  in  its  space  rel, 

It  need  scarcely  be  pointed 
constructing  a  space  formula  for  ai 
that  in  such  a  formula  the  pro 
subMance  in  question  may  find  a 
111-  nivcn  by  nn  ordinary  structure 


5    I,    77//;     POSSiaiUTY    OF 

ASYMMETRY  BY  i 


' "liili'rinir  ibaa 


It  is  obvious  that  if  all  the  hydrogen  atoms  in  benxene  lie 
n  one  plane,  optical  activity  could  not  be  shown  by  benzene 
icmpounds,  since  there  could  be  no  enantiomorphism,  even  in 
lie  case  of  benzene  substitution  products.  On  the  other  hand, 
t  the  prism  or  any  similar  formula  were  correct,  an  orlho- 
Ksubstitution  product  should  be  optically  active.  Le  Bel ' 
sodeavoured  to  isolate  active  i^toluidine  ;  Lenkowitsch'  made 
ihe  attempt  with  two  methyl-salicylic  acids ;  Victor  Meyer  and 
LUhn"  used  nitro-  and  formyi-thymotic  acids;  while  H.  O. 
Jones  and  Kewley'  attempted  lo  resolve  di-  and  tri-substituted 
unido-bcnzene  derivatives  by  means  of  i/'camphorsulphonic 
add.  All  were  unsuccessful,  and  it  has  been  concluded  thai  no 
asymmetry  can  be  produced  even  when  all  the  groups  attached 
[o  the  benzene  nucleus  are  different  from  one  another. 
Apparently  the  only  possible  explanation  for  this  is  to  assume 
[hat  all  the  hydrogen  atoms  lie  in  one  plane. 

There  is,  however,  another  side  to  the  question.  According 
to  Fischer,'  "  in  order  to  bring  about  chemical  action,  en/.yme 
and  glucoside  must  fit  one  another  as  a  key  is  fitted  to  a  lock  ;  " 
and  Winther"  has  made  a  similar  statement  with  regard  to 
resolution  by  means  of  active  bases.  Now,  in  the  case  of 
aliphatic  compounds,  all  the  carbon  atoms  may  be  considered 
either  as  lying  in  one  plane  or  as  capable  of  being  brought  into 
one  plane  without  any  breakdown  in  the  internal  structure 
of  the  molecule.  If,  on  the  other  hand,  the  carbon  atoms 
in  the  benzene  molecule  do  not  lie  in  one  plane,  and  cannot  be 
brought  into  a  plane  by  any  simple  movement  among  them- 
selves, it  is  quite  possible  that  such  a  difference  from  ordinary 
structure  would  be  sufficient  to  defeat  any  ordinary  method  of 
splitting;  and  that  a  separation  of  a  benzene  derivative  into 


'  I.C  Bel,  Bu!J.  .Sw.  liim.,  [2]  SB,  gS  (i88»). 
'  Lcwkowilsch,    Trans.,   83,   791   (iSSB);    co 

■  V.  Meyer  WkI  Luhn,  B,r.,  28,  2795  (1855). 

•  Jones  and  Kcwlry.  Prac.  Cam/:  Phil.  Se;.,  \% 
'  Fischer.  Jier.,  87,  1993  (1894). 

•  Winlher.  On/.,  M,  3000  (1^5}, 
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two  optical   isomers  would  require  the  employment  a 
hitherto  undevised  method  for  its  accomplishment. 

Again,  it  is  quite  possible  10  imagine  that  the  carbor 
of  the  benzene  molecule  are  in  a  stale  of  vibration,  such  that  I 
at  one  moment  their  centres  lie  in  a  plane,  while  the  nwi  I 
moment  some  of  them  move  out  of  this  plane  and  lake  up  ni 
positions  in  space,  from  which  they  may  again  return  into  the  I 
plane  containing  the  others.     Such  a  vibratory  system  would  I 
be   three-dimensional,  and  yet    no  asymmelrical    subsiilution  I 
could  render  it  optically  active  :  for  if  a  spacially  asymroetrial  1 
substance    were     produced,    iis    vibration     would    carry  ii 
tlirough    the    plane   phase,  in  which  it   is   inactive,  into  the 
opposite  enaniiomorphous  form ;  and  the  resulting  substance 
would  be  unresolvable  by  any  means  at  present  at  our  disposal. 

Since    the  question  appears  to  be    still  an  open  one,  the 
following    pages    will  deal  with  both  types  of  benzene  space  J 
formulae. 


§  ir.    T/fF.   ifEQU!RE.%fEA'TS  OF  A  SPACE   FORAfVLA 
FOR   BENZENE. 

In  any  space  formula  representing  the  benzene  molecule 
the  following  facts  must  he  accounted  for : — 
(i).  The  equal  value  of  the  six  carbon  atoms, 
(i).  The  equal  value  of  the  six  hydrogen  atoms. 
{3).  The   existence   of   one   mono-substitution   deri' 

three  di-substitution  derivatives,  etc. 
(4).  The  existence  of  di-,  tetra-,  and  hexa-hydro-derivaii' 
(5).  The  relation  between  hydrogen  atoms 

and  para-posilions ;  and  that  between  two  hydrogt 

atoms  in  the  meta-position  to  one  another, 
(6).  That   six    carbon    atoms   are   necessary   to    form   thi 

"benzene  nucleus." 
(7).  The  distinction    between    ben/;cnoid   and    paraffii 

derivatives. 
To  these  a   furlher  requirement    might    be  added,  if 
views  of  Pasteur  and  van't  HofT  be  ado[ited  :- 
k      (8).  The  rDo\ecu\emMS\.'iwJe,^-^'!ii.iicS. 


tivefl 
nhtfl 
■ogen   I 

I  thr  I 
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\  III.    DISCUSSION   OF   BENZENE    SPACE    FORMULM. 

It  will  be  found  simplest  to  arrange  the  formulae  in  the 
following  order : — 

(i).  Those  in  which  the  centres  of  all  the  carbon  atoms  lie 

in  one  plane. 
(2).  Those  formulae  in  which  the  centres  of  carbon  atoms 

lie  in  two  parallel  planes. 
1.  Formnls  in  which  the  Centres  of  all  the  Carbon  Atoms 
ie  in  One  Plane. — The  first  of  these  space  formulae,  which  has 
ecenlly  been   adopted   by  Graebe,^  is   produced   simply  by 


Fig.  58. 


linking  six  tetrahedra  together  in  the  manner  indicated  in  the 
ordinary  Kekul^  formula.  It  is  evident  that  in  this  form  the 
space  formula  suffers  from  exactly  the  same  drawback  as  the 
plane  formula,  since  the  positions  1,2  and  1,6  are  different,  and 
hence  two  types  of  ortho-substituted  compounds  might  be  ex- 
pected. By  adopting  Kekuld's  vibration  hypothesis,  however, 
this  difficulty  can  be  avoided.  For  example,  if  it  be  supposed 
that  the  corners  of  the  tetrahedra  at  the  back  of  the  model 
always  remain  in  contact,  while  those  in  front  vibrate  alter- 
nately to  right  and  left,  a  spacial  representation  of  the  Kekulc 


'  Gniebe,  £er.^  86,  526  li902V 


\ 


vibralioti  formula  will  be  obtained  nliich  has  all  the  advanu^a 
of  the  plane  formula,  but  no  more. 


Fiu.  59. 

A  somewhat  similar  formula  was  proposed  by  Wuiidertirk' 
A  second  type  of  space  formula  in  which  the  centres  of  ill 
the  carbon  atoms  lie  in  one  plane  is  that  put  forward  bj 
Marsh,'  Baeyer,"  Lohschmidt,'  and  Erienmeyer  junioi 
criticism  of  it  by  Thiele "  cannot  be  summarised  in  this  placq 
but  his  main  objections  may  he  mentioned.  The  modd  il 
constructed  by  laying  six  tetrahedra  upon  a  plane  hexagon. 
(Sse  Figs.  Co  and  6i.) 

The  drawbacks  of  this  formula  far  exceed  any  merits  lt« 
it  may  have  ;  the  chief  cases  in  which  il  is  obviously  in  c 
diction  with  our  present  knowledge  are  as  follows : — 

'  Wundtrlich,  KanfiguriiHon  arganiuher  Moltkltle,  p.  a 

'  Marsh.  Pha.  Mag.. «,  416  (1888). 

'  Bae}'er,  Annatin,  MS,  laj  (iSSS), 

■  Lohschroidt,  Monatsli.,  11.  a8  (1S90). 

'  Erlenmcyct  innioi,  /<HHa(fli,S16.  57  (iqoi). 

•  Thi^!^e,l«i'.,»Vft,^3b^,\')D^^■ 
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go? 


(i).  The  para-carbon  atoms  are  siluated  with  regard  to  one 
another  exactly  as  the  middle  carbon  atoms  in 
succinic  acid  :  so  that  terephthalic  add  should  give 
an  anhydride  with  the  same  ease  as  succinic  acid. 


(a).  Iso-phthalic  acid  also  should  give  ai 
(3).  The  acid  HO-CH,-C,H,-COOH  ■* 


anhydride. 

luld  he  analogous 


\ 


o  -y-hydroxy-bulyric  acid,  and  should  give  , 
iame  holds  forZ-hydrosy-phenylacelic  aciii. 


i 
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TiCHjOH  CH,— CH.,OH 

JCOOH  CH,,— COOH 


€ 


■CH.COOH 


Yut  a  third  formula  of  a  similar  type  has  been  proposed  by 
Knoevenagel,'  but  in  it  no  assumption  as  to  the  form  of  the 
carhor  atom  is  made.  Knoevenagel  makes  the  two  following 
postulates  : — 

(i).  The  atoms,  which  have  a  certain  mass,  are  in  continual 

rapid  motion  within  Ihe  molecule. 
{2).  The  four  valencies,  or,  rather,  the    four   maxima  of 
attraction  of  the  carbon  atom,  are  directed  outwards 
from  a  point  in  directions  parallel  to  lines  joining 
the  centre  of  a  tetrahedron  to  its  comers. 
For  the  sake  of  the  graphic  representation  the  atoms  may  be 
supposed   to   be   spheres   whose 
centres    lie  in  the  plane  of  the 
paper  ;  the  affinities  holding  the 
hydrogen  atoms  may  be  supposed 
to  be  directed  upwards  from  this 
plane,  and  to  be  denoted  by  the 
dots  in  the  centres  of  the  circles, 
which  represent   the  equators  of 
the  carbon  atoms.     The  alternate 
atoms  are  supposed  to  revolve  in 
different  directions,    one    clock- 
wise, the  next  counter-cIockwLie, 
as    shown  by  the  arrows   in 
figure.     The  drawback    to   this   theory  lies    in  the   fact  that 
though  it  evades  the  difficulty  as  to  the  possibility  of  two 


Fic.  6a. 


'  KnoevcTO^,  J^(^.,»,■>S*ll,\^^5p(6. 
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lisubstitution  products,  :tt  tbe  same  time  it  introduces  the 
iiity  of  a  whole  series  of  isomers,  which  would  owe  their 
ice  to  tlie  differences  in  the  directions  in  which  the 
I  atoms  are  supposed  to  rotate.  Knocvenagel  points 
It  himself,  Imt  considers  that  such  isomers  would  be  very 
It  to  delect.  As  an  example  of  a  case  which  may 
ly  be  due  to  this  cause,  he  quotes  the  fact  that  two 
shenones  exists,  and  explains  their  difTerence  by 
ling  that  in  the  one  case  the  two  carbon  atoms  joined  by 
rbonyl  group  rotate  in  the  same  direction,  while  in  the 
isomer  one  is  revolving  clockwise  and  tbe  other  counter- 
rise. 

other  formula  which  is  included  in  this  class  was  put 
d  by  Werner,'  and  depends  upon  his  conceptions  of  the 
I  atom  and  the  distribution  of  alhnity,  which  have  already 
lealt  with.  If  we  suppose  six  atoms  united  in  a  plane 
ach  atom  will  come  within  die  radius  of  attraction  of  all 
her  five  atoms,  and  its 
Dm  the  ring  will  be  thus 
ed.  Since,  in  the  forma- 
■  tbe  benzene  ring,  each 
I  atom  expends  the  same 

t  of  enet^  as  its  fel- 
the  static  condition  of 
olecule  wilt  be  that  in 
the  carbon  atoms,  inde- 
it  of  their  positions  with 
to  one    another,    are 

together  by  the  greatest 
it  of  affinity.  In  Ftg.  63 
rfaces  marked  a  repre- 
he  spots  at  which  the 
;en  atoms  are  attached.  They  are  therefore  left  out 
oimt  at  present,  as  they  exercise  no  influence  upon  the 
'  the  affinity. 


I 


Fig.  63. 
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It  will  simplify  matters  if  we  consider  the  action  of  thtl 
affinity  of  any  carbon  atom  as  resembling,  to  some  extent,  tlK  I 
radiation  of  light  from  a  luminous  source ;  thus,  atom  i  maybe  I 
supposed  to  be  sending  rays  to  the  five  other  atoms.  In  socfa  I 
a  case,  the  two  atoms,  2  and  6,  situated  in  the  ortho-position  to  I 
I,  will  receive  the  greater  portion  of  light,  and  furtheraioR,  I 
the  amounts  received  by  them  will  be  equal.  The  atoms  3  and  1 
5,  on  the  other  hand,  will  be  shaded  to  some  extent  by  the  I 
ortho-atoms,  and  so  will  receive  but  little  illumination,  while,  i 
in  addition,  such  light  as  they  do  receive  will  be  weakened  I 
and  dispersed  by  the  distance  through  which  it  has  travelled.  I 
Finally,  the  atom  4  will  receive  its  full  amount  of  rays,  but  in 
its  case  also  the  light  will  be  weakened,  owing  to  the  distance 
through  which  it  has  to  travel. 

Exactly  similar  conditions  will  hold  for  the  action  of  affinity 
if  Werner's  hypothesis  be  adopted.  The  greatest  amounts  of 
energy  will  be  equally  distributed  between  the  two  ortho- 
atoms  ;  the  atoms  in  the  meta-position  to  one  another  will  be 
bound  together  only  by  a  small  affinity,  which  will  be  further 
weakened  by  distance ;  while  the  para-atoms,  though  united 
by  stronger  affinities  than  meta-atoms,  yet  are  so  far  apart 
that  the  affinity  can  exert  nothing  like  its  full  force. 

Only  two  important  objections  can  be  brought  against  the 
Werner  formula.  First,  it  does  not  show  why  six,  and  only 
six,  carbon  atoms  are  required  to  form  a  benzene  nucleus  and 
endow  it  with  the  aromatic  character.  If  Werner's  idea  of  the 
carbon  atom  be  adopted,  there  seems  to  be  no  reason  why  a 
five-membered  ring  should  not  be  as  stable  as  a  six-membered 
one,  yet  no  compound  of  the  type  C5H5  is  known  which  has 
such  stability.  And,  secondly,  it  gives  no  clue  to  the  relations 
lound  in  benzene  between  the  ortho-  and  para-positions,  and 
among  the  meta-positions  beyond  the  fact  that  the  affinities 
between  the  atoms  belonging  to  these  two  sets  are  not  the 
same. 

Baly,  Edwards,  and  Stewart  ^  have  put  forward  a  conception 
of  the  benzene  molecule  which  accords  with  the  chemical  and 
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^l>ectroscopic  evidence  known  to  us  at  the  present  time.  No 
assumptions  are  made  as  to  the  form  of  the  atoms  or  the 
directions  in  which  their  valencies  act.  It  had  been  shown 
by  Baly  and  Collie  ^  that  the  absorption  spectrum  of  benzene 
contains  seven  very  similar  and  closely  adjacent  absorption 
bands ;  and  these  authors  had  pointed  out  that  the  formation 
of  these  seven  bands  can  be  accounted  for  by  assuming  that 
each  band  is  due  to  a  separate  making  and  breaking  of 
linking  between  pairs  of  carbon  atoms  of  the  ring.  There 
are  seven  such  makings  and  breakings  possible,  as  can  be 
seen  from  the  following  figures,  the  X's  being  attached  to 
those  atoms  which  are  changing  their  linking : — 


X 


(1) 


X 


X 


(ii) 


X 


X 

(3) 


X 
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X 

(4) 


X 


X 
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X 


X   X 


(5) 


X 

(6) 


X    X 


X 


\ 


X 


X 


X 

(7) 


Now,  in  order  to  bring  the  seven  phases  into  existence,  it 
b  necessary  to  assume  the  displacement  of  the  carbon  atoms 
of  the  ring.  This  can  be  done  most  simply  by  assuming  that 
the  vibration  is  similar  to  that  produced  in  any  elastic  ring 
when  it  is  disturbed.  Thus  it  may  be  supposed  that  the  ring 
pulsates  in  phases,  of  which  (I.)  and  (II.)  are  the  extremes  :— 


'  Baly  and  Collie,  Trans,,  %7,  1332  ^l^sN- 
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6 


2 


r 

5                4 

3 

u 


Each  carbon  atom  has  residual  affinity,  and,  consequently, 
when  the  system  is  in  the  condition  represented  by  (I.),  where 
the  atoms  2  and  6  and  the  atoms  3  and  5  are  brought  close 
together,  these  residual  affinities  will  produce  Unkings  as  shown 
by  the  dotted  lines.  The  atoms  i  and  4,  however,  are  far 
removed  from  one  another  and  from  the  other  atoms,  and  are 
therefore  unsaturated.  On  the  other  hand,  when  the  ring 
passes  into  the  other  form,  (II.),  then  the  three  atoms 
2,  I,  and  6  come  very  close  to  the  three  atoms  3,  4,  and  5 
respectively,  and  linking  between  these  pairs  of  atoms  may 
take  place.  As  the  ring  pulsates  from  (I.)  to  (II),  many  of 
the  seven  phases  of  linkage- change  described  above  will  be 
obtained.  For  example,  let  us  suppose  that  the  ring  has 
reached  the  form  (II.).  As  it  begins  to  open,  the  first 
break  will  occur  between  the  atoms  i  and  4,  followed  by 
the  breaking  of  the  two  subsidiary  ortho-linkages  2:3  and 
5:6.  When  the  ring  passes  through  the  halfway  stage, 
i.e.  the  circular  form,  the  centric  formula,  corresponding  to 
the  seventh  phase,  will  be  produced.  In  this  way  the 
phases  i,  2,  3,  6,  and  7  can  be  obtained;  4  and  5  would 
be  the  result  of  interference  with  the  described  motions  by 
outside  influences,  such  as  collisions  between  molecules. 

This  formula  accounts  for  many  of  the  properties  of  benzene 
which  are  not  easy  to  understand  by  the  aid  of  the  ordinar)' 
formulai.  For  instance,  Baly  and  Ewbank^  have  shown  that 
phenol  possesses  keto-enol  tautomerism ;  and  it  is  evident  that 
when  the  ring  assumes  the  form  (II.),  the  hydrogen  of  the 


^  Ba\y  a.iid  "EvibwvV,  Trans. ^  VI ^  v-x^^x  V>SFi^' 
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ijdroxyl  group  will  be  in  very  close  proximity  to  llie  —  CH  = 
n  the  para-posilion.    Wandering  may  tliirs  easily  occur. 


HcL 


OH 
C 


j.CH 


HCj- 

HclL 


c 

H    H 


JiCH 


This  makes    clear    the  mechanisi 
iciil  upon  plwnol. 


of  the  action  of  nitrous 


Baly  and  Ewbank  have  shown  Ihat  the  internal  motions 
3f  the  di-substitutcd  henzenc  ring  are  less  dislurLied  by  para- 
:iiaii  by  ortho-substitution.  Tliis  fact  also  is  accounted  for 
^  ihe  pulsating  ring  theory,  for  in  /-xylene  the  vibrations 
irf  the  ring  would  occur  along  the  lines  of  symmetry  of 
!lte  molecule,  and  would  not  he  much  interfered  with  by  the 
losses  of  the  substituents, 


I    the  case  of  orlho-suhstitulion,  however,  the  unsymmetricsl 

Kding  of  the  ring  would  make  the  vibrations  much  more 

,n»plicarwJ. 

r,  F.  c.  ,  V 


i 


I 
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'llie  sarae  explanation  can  be  applied  to  the  reduction  of 
ihe  phthalic  acids.  In  lerephthalic  acid,  the  vibration  will  not 
be  disturbed  by  Ihe  substiluenls  in  tlie  para -posit  ion :  and  ll» 
acid  will  txist  to  some  extent  in  the  following  Tomi  :— 


In  that  phase,  the  carbon  atoms  t  and  4,  being  far  remowi 
from  the  other  atoms  of  the  ring,  are  unsaturated,  with  ih 
result  that  they  will  each  lake  up  a  hydrogen  atom  wid 
ease,  forming  A'  °  dihydro-lereplilhalic  acid.  In  the  case  t 
iso-phthalic  acid,  however,  the  ring's  vibrations  are  great] 
interfered  with  by  the  meta-subslitution,  so  that  it  is  doublii 
if  any  of  the  carbon  atoms  in  the  ring  reach  the  extreme  phiM 
of  unsaturalion.  Isophthalic  acid  is  therefore  only  reducible  I 
with  considerable  difficulty,  tetra-hydro -acids  being  formed. 

When  benzene  is  chlorinated,  the  re  action -product  is  d 
^ichloro-coropound,  the  ortho-compound  being  only  produc 
in  small  quantity.  If  we  suppose  the  ben?,ene  ring  to  be  I 
form  (i.),  the  two  carbon  atoms  at  the  ends  of  the  ellipse  ai 
be  unsaturated,  as  in  the  last  case  :  and  when  the  chlorii 
brought  into  their  reaction  sphere,  each  carbon  atom  will  t 
up  an  atom  of  chlorine.  The  result  will  be  the  fonnaticnl 
the  compound  (II.),  When  the  opposite  extreme  of  I 
vibration  i.s  reached,  as  in  (HI.),  a  molecule  of  hydnn^ 
chloride  will  be  eliminated,  giving  chlorobenKene.  Wlien  B 
first  shape  is  again  reached,  the  same  process  will  be  | 
through  again  as  shown  in  the  other  figures, /-dichlorob* 
being  the  end-product : — 
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It  has  been  shown  by  Baly  and  Collie  ^  that  in   nitro- 
.   benzene  the  motions  of  the  ring  are  in  some  way  held  up : 

this  is  probably  due  to  the  unsaturation  of  the  nitro-group. 

At  any  rate,  in  the  nitro-benzenes  the  true  benzenoid  vibration 

is  absent ;   and   this  explains   why   the   nitration   of  halogen 
~"^-   benzenes  tends  to  make  the  halogen  atom  more  labile  than 

it  usually  is  in  benzene  compounds ;  for  when  the  vibrations 
M  of  the  ring  are  damped  down,  the  compound  will  tend  to 
*  become  more  like  an  ordinary  fatty  derivative. 
«:  2.  FormnlsB  in  which  the  Centres  of  the  Carbon  Atoms 
i^  lie  in  Two  Parallel  Planes. — The  earliest  space  formula  for 
>  benzene  was  proposed  by  Havrez  in  his  Principes  de  la 
"»  MmU  unitaire  in  1866.  In  his  formula,  the  carbon  atoms 
►"'  were  arranged  in  two  parallel  planes.  His  ideas  are  of 
5   historical  interest  only. 


*  Baly  and  Collie,  Trans.,  87,  1332  (1905). 


r 
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The  first  of  this  class  which  need  be  described  is  ih 
Ladenburg  Prism  Formula,'  In  it,  the  six  carbon  atoms  li 
in  two  sets  of  three,  each  three  being  placed  at  the  angla 
of  an  equilateral  triangle,  and  the  two  triangles  lying  parallel 
to  one  another  in  space  : — 


/i\: 


The   ortho-,    meia-,   and   para-positions    may    be    recognised 
from  the  numbers  attached  to  the  carbon  atoms.     They 
the  only  ones  which  agree  with    the   isomerism    relations  of 
benzene.      Now,    on    reduction,    it    is    evident     that    these 
relations  arc  not  maintained,  for  in  hesahydrobenzene 
of    the    benzene    para-positions    have   been    converted 
ortho-positions.    Also,  meta-  and  para-dicarboKylic  acids  should 
give  anhydrides  niore  easily  than  the  ortho-dicarboxylit  acid 
Hence  the   Ladenburg  formula,  though  in  some  respects 
teresiing,  has  but  little  practical  value. 

.\  second  formula  of  the  same  class  has  been  put  forward 
by  three  different  authors :  Vaubel,'-'  Marsh,'  and  Chicandard' 
Since  Vaubel  appears  to  have  elaborated  it  to  the  grealest 
extent,  it  will  be  sufficient  to  describe  his  model. 

According  to  his  view,  the  benzene  nucleus  is  made  up 
si\  carbon  atoms  of  tetrahedral  form,  so  arranged  that  ead 
atom  is  joined  by  the  edges  of  the  tetrahedron  to  two  otha 
atoms,  while  the  atoms  themselves  lie  alternately  above  sni 

'  Ladenburg,   Ber.,  2,  140  (1869);    Thivrie  der  arsmataclun  fW>»- 

duHgeii,  BninRwick,  1876. 

•  VauM.y./f.  C*™..  [2144,  137(1891). 
'  Mnfsh,  PAH.  Sffig..  S6,  426  (18S8). 

•  ChicandlTd,  Compl.  *<nd.  di  C Ai^n.  fra 
Stieiua,  1900,  4S0, 


Jw  the  plane  fonned  by  their  bases.  In  other  words,  this 
figuration  differs  from  Baeyer's  in  that  instead  of  all  the 
Irt^en  atoms  lying  in  one  plane,  they  lie  alternately  above 


t  drawbacks  to  this  configuration  are  obvious  :— 
I.  Isophthalic  acid  would  give  an  anhydride  more  easily 
tean  phthalic  acid,  ^ 


I 
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2.  Kesorcinol  ought  to  give  a  methylene  ether. 

3.  There  would  be  no  reason  for  the  V,  Meyer  Esterificatj«i 

Law.' 

4.  Ortho-  and    meta-disubslitution    should    yield   enaiilio- 

inorphism. 
To  meet  the  first  objection,  Vaubel  supposes  that  in  isophthali 
acid  there  is  a  special  configuration  which  prevents  anhydride 
fi^rmation.     If  the  rest  of  the  molecule  be  represented  by 
straight  line,  his  explanation  may  be  expressed  as  follows:— 

-OH 


so  that  instead  of  the  hydroxy!  groups  coming  into  contact 
with  one  another,  only  the  oxygen  atoms  of  the  carboiijl 
groups  could  collide.  His  explanation  why  no  enantiomorpbism 
is  shown  in  the  cases  mentioned,  is  founded  on  the  assumption 
that  the  tetrahedra  are  in  a  slate  of  vibration  aboul 
furnished  by  their  outer  edges,  i.e.  those  edges  which  make  up 
the  hexagonal  figure.  But  this  assumption  involves  a  wanderiif 
of  any  subsliluenl  group  from  one  valency  of  the  carbon 
to  another,  and  up  to  the  present  such  an  idea  seems  to  hai 
found  little  favour. 

Another  formula  in  this  class  f  is  due  to  Sachse.'  (See  Figi. 
66  and  67.)  To  a  certain  extent,  this  configuration  is  belter  than 
any  that  have  already  been  mentioned.  It  contains  me 
in  the  same  plane,  ortho-  and  para-  in  separate  planes 
be  applied  to  some  higher  aromatic  series ;  and  it  illustrates  *i 
tiie  difference  between  aromatic  and  fatty  com[x>unds, 
the  other  hand,  much  may  be  said  against  it.  It  is  evideri 
that  a  six-membered  ring  thus  constituted  will  be  one  of  ihf 
most  stable  compounds  which  it  is  possible  to  conceive  ;  tlicn; 
will  be  no  possibility  of  any  movement  whatever  within  ilx- 
molecule,  and   the   formula   represents  simply  a  rigid  bod;. 

•   See  Chaplct  I.  iiftlii*  section. 

t  DiiCTliuHs  (oi  V\ie  t:ims\TOa.»m  «t  ■atov*W  Ms  ©vcn  in  Appetidii  *■ 

'  Sachse,  fl«-.,»l.ai3PV.^«M'V 


laviour  of  atoms,     Kuriher,  Sachse  supposes  a  kind  of  union 
ween  carlion  atoms  which  could  not  exist  in  any  other  com- 

'adj^ad  which  leads  to  thesalunHionQ(lVveaL%,i\\\,\ft&Qlxiaes. 


520     STEREOCHEMISTRY  WITHOUT  ISOMERISM 


carbon  atoms  at  one  point.  Apart  altogether  from  such  purely 
theoretical  objections,  moreover,  there  are  certain  practical  ooes 
which  appear  to  be  insurmountable. 

1.  Isophthalic  and  phthalic  acids  should  give  anhydrides 
with  almost  equal  ease. 

2.  Resorcinol  should  give  a  methylene  ether. 

3.  Enantiomorphism  would  be  inevitable  in  some  substi- 
tution products,  since  there  is  no  possible  vibration  by  which  it 
could  be  avoided. 

By  adopting  Werner's  conception  of  the  carbon  atom,  and 
applying  it  to  atoms  arranged  like  those  in  the  Vaubel  and 
Sachse  models,  Bloch^  has  produced  a  space  formula  for 
benzene  which  seems  to  unite  the  advantages  of  both  the 
others  without  their  drawbacks;  and  by  assuming  certain 
vibrations,  according  to  him,  it  is  possible  to  bring  it  into  line 
w^th  nearly  all  the  older  formulae,  as  the  following  figures 
show.  To  a  certain  extent,  however,  Bloch*s  model  is  merely 
a  repetition  of  Collie's,  which  was  proposed  six  years  earlier. 

Owing  to  the  differences  in  the  arrangement  of  the  atoms 
in  space,  Bloch's  formula  shows  a  complete  variation  from 
Werner's  when  the  strengths  of  the  affinities  between  the 
various  atoms  are  considered,  e^,  in  Werner's  model  the 
affinities  between  atoms  in  the  meta-position  to  one  another 
are  small,  which  is  not  the  case  in  Bloch's  formula. 


Ladenburg. 


Tliomsen. 


»   liloch,  Alfrid  U'^rner's  Thcovxt  dcs  KoHl<»ulofiQtww>'«i,V» 


Barlow  and  Pope,'  basing  their  hypothesis  on  the 
crystalline  form  of  benzene,  and  employing  a  method  of 
scission  similar  to  that  previously  proposed  by  Stewart  in  the 
case  of  the  transmutation  of  geometrical  isomers,  have 
suggested  a  space  formula  for  benzene  resembling  th<;  top 
diagram  in  Fig.  68.  Their  formula  is  very  interesting  from 
the  point  of  view  of  crystallography,  but  appears  to  have 
little   or   no  connection  with    the  chemical  character  of  the 


'  Barloiraad  Pope,  Tram.,Vi,  \(i^t,i^\ffii) 


I 
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benzene  molecule.  By  its  rigid  construction  it  is  allied  moi 
closely  to  the  oldei  types  or  space  formula:  than  to  those 
vibrating  systems  favoured  by  modern  views. 

Herrmann'  proposed  the  following  space  formula.  Tht 
six  carbon  atoms  are  placed  at  the  comers  of  a  regular  ocu 
hedron  ;  the  hydrogen  atoms  are  situated  at  the  angles  of 
regular  hexagon,  which  lies  on  a  median  plane  of  a  hexahedton, 
the  middle  points  of  whose  sides  correspond  to  the  angles  of 
the  octahedron. 


The  projection  of  the  positions  of  the  carbon  atoms  upon 
the  plane  in  which  lie  the  hydrogen  atoms  gives — 


../X- 
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which  the  carbon  atoms  insidt  circles  lie  under,  the  olhers 

■,  the  plane. 

I  When  we  consider  two  ortho-  or  me  la-substitution  products, 
»hich  the  substituting  groups  are  different  from  one  another 
fe  as  in  c-toluidine),  it  is  evident  that  there  will  be  asymmetry 
■the  molecule,  and  enantiomorphism  should  be  the  resuh. 
\  Kunig'  has  put  forward  the  folloning  view.     The  carbon 
i  arranged  at  the  corners  of  a  cube,  as  shown  in  the 
fo   opposite   corners   being    thus    left   vacant      The 
thor  points   out    that  vibration   would  be  possible  in  such 
I  system,  yielding  first  a  rhomboid 
,  and  finally  a  plane   hexagonal 
rangement.     'I'his  formula  is  really    , 
V modification  of  Ladenburg's  prism. 
The  last  space  formula  for  ben- 
!nc  with  which  we  shall  deal  com- 
Hies  the  good  points  of  all  the  others 
pith  several  advantages  of  its  own. 
ing  to  the  introduction  of  a  greater 
rce  of  vibration    into  its  system,  Fn-.  71. 

Etbe  formula  suggested  by  Cullie  can- 
Knot  be  classed  in  either  of  the  above  divisions,  as  its  phases 
|;lnclude  some  in  which  the  centres  of  the  six  carbon  atoms 
I  a  plane,  as  well  as  other  phases  where  three  carbon 
Vttoms  lie  in  a  plane  parallel  to  that  containing  the  remaining 
I  ttiree.     Such  a  vibratory  motion  precludes  any  possibility  of 
theexistenceof  enantiomorphous  benzene  substitution  products, 
and  thus  avoids  the  difficulties  which  arise  from  this  source  in 
those  space  formulie  for  benzene  in  which  all  the  carbon  atoms 
are  not  in  the  same  plane. 

In  Collie's  space  formula  for  benzene '^  the  carbon  atoms 
■re  arranged  at  the  corners  of  an  octahedron.  No  assumption 
is  made  as  to  the  form  of  the  carbon  atoms,  but  here,  for 
convenience,  they  are  represented  by  tetrahedra.  In  order  ti 
iiilfil  the  requirement  that  any  one  carbon  atom  must  be 


■  Konig,  Chtm.  Ztit.,  18,  30  (ift^V 
'  Collie,  Trans.,  11,  lo»3t.iS9l1- 


others  in  a  precisely  similar  manner,  and  ihallb. 
are  from  two  of  ihe  four  symmetrically  platd 
]]oints  of  altraclion  which  every  carbon  atom  is  supposed  B 
possess,  there  is  only  one  configuration  possible  {Fig\  Jl 
and  73). 


Moreover,  there  is  only  one  way  in  which  six  hydi 
^toms  can  be  symmeinca.W'j  awM\%e&.ii'5W*.'»^*'toii-w 
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[  twelve  points  of  atlraction  (Fig.  74).     (Fig.   75  shows  an 
Nnsymmetrical  arrangement.)     Movement  in  this  system  can 
e  place  in  two  ways ; — 

.  Movement  of  each  tetrahedron  aljoiit  its  centre. 
.  Movement    of  each  tetrahedron  about  the  centre  or 
gravity  of  the  whole  system. 


In  the  lirKt  case,  the  simultaneous  rotation  of  each  tetrahedron 
ibout  its  centre  (.ill  letrahedra  being  supposed  to  move  in  the 
iame  direction)  would  bring  the  comhined  hydrogen  atoms 
owx!^  the  centre  of  the  system  mfwo  distinct  sfh.ftvtKa  aa-CsMt 


tetraliedra.     (See  Figs.  76,  1 

in  Ihe  first  phase  (see 
carbon  atoms  is  shown, 
for  instance,  1,  a,  3,  the 
will  be  between  t  and  3 ;  siil 
tend  to  lake  up  a  positioii  betl 
atom  z  will  move  to  the  rightl 
direction. 


i 
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As  the  carbon  atom  i  in  Fig.  79  moves  in  the  direction 
^dicated  by  the  dotted  line,  and  the  carbon  atom  2  in  the 
*^ection  of  the  other  dotted  line,  a  small  rotation  of  the  twa 
^tbon  atoms  about  their  centres  will  bring  the  vacant  point  of 
^^traction  on  each  into  play  for  an  instant^  as  shown  in  Fig.  80. 
^be  vacant  points  of  attraction  are  on  the  faces  a,  b^  c  on  both 
^bon  atoms,  the  faces  a,  b^  d  on  i  and  a,  c^  d  on  2  being 
Ccupied  by  the  hydrogen  atoms.  Thus  for  a  moment  there 
in  be  almost  a  double  bond  between  the  carbon  atoms  i  and 
;  and  also  between  3  and  4 ;  5  and  6. 


Continuing  this  movement  when  the  six  carbon  atoms  are 
II  in  one  plane^  as  shown  in  Fig.  77,  then,  by  the  same 
otation  about  their  centres,  either  three  or  six  vacant  points  of 
.ttraction  would  point  toward  the  centre  together ;  and  finally, 
n  the  return  movement  from  Fig.  78  to  Fig.  76,  owing  to  the 
twist  given  to  the  carbon  atom  2,  there  would  be,  conversely, 
almost  a  double  bond  between  it  and  the  carbon  atom  3 ;  and 
also  between  4  and  5 ;  and  6  and  i. 
r.  p.  c.  1  Ni 


H 


This  space  formula  for 
accord  both  with  the  Kt 
showing  that  they  are  mutu 
It  also  shows  how  the  siippo: 
formula  shift  between  the  cai 
of  two  D-toluidines  impossil 
that  in  two  out  of  five  conligi 
of  hydrogen  atoms.  By  meai 
Collie  has  been  able  to  gti 
Crum  Brown  and  Gibson  Ru 

The  Collie  formula  differ: 
already  described  in  the  ease 
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(ther  advantages  which  this  formula  possesses.  The  representa- 
ion  of  the  benzene  molecule  as  a  system  in  a  state  of  continual 
dbration  is  only  an  advance  along  the  road  opened  by  Kekul^ 
with  bis  oscillation  hypothesis :  it  certainly  gives  a  truer 
*epresentation  of  the  chemical  properties  of  benzene  than  do 
:liose  stereo-formulae  in  which  the  atoms  are  represented  as 
armly  anchored  to  one  another,  or  squeezed  together  so 
dghtly  that  no  movement  of  any  kind  is  possible. 


§   IV.   CONCLUSION. 

The  objections  brought  against  the  older  types  of  space 
Connulae  show  that  any  advances  in  this  branch  of  the  subject 
inust  follow  the  lead  given  by  Kekule  when  he  adopted  the 
idea  of  a  system  in  vibration  as  the  best  representation  of  the 
l)enzene  molecule.  At  the  present  day,  the  idea  that  benzene 
18  one  particular  substance  which  can  be  represented  at  all  times 
«nd  under  all  conditions  by  the  same  rigid  formula  finds  very 
few  supporters  among  those  who  have  studied  the  question 
tilorougbly.  It  is  becoming  generally  recognized  that  the 
lenzene  molecule  is  in  a  state  of  continual  vibration,  and  that 
the  only  satisfactory  space  formula  will  be  one  which  represents 
*I1  the  other  formula;  as  phases  of  its  own  motions,  and  which 
ttiay  even  suggest  the  possibility  of  new  phases  as  yet  unrecog- 
^ed.  The  main  outlines  of  such  a  formula  have  been 
Odicated  by  Collie;  and  it  seems  probable  that  any  space- 
brmulse  of  benzene  which  may  be  proposed  in  future  will 
gree  with  his  in  essentials. 


CONCLUSION. 

We  have  now  completed  a  survey  of  the  whole  field  of  st 
chemical  research ;  and  have  shown  the  lines  along  whitli  ii 
research  has  travelled  in  the  past.      At  this  point  it  ii 
well    to    examine   the   results   achieved,   and    from   them,  U 
possible,  deduce  the  direction  which  future  investigation  iS  *^^' 
take.  ^ 

Stereochemistry  is  a  subject  of  comparatively  recent  gro»4 
Barely  a  generation  has  elapsed  since  ihe  publication  of  vill  '■*^ 
HolTaiid  Le  Bel's  first  papers,  from  which  the  modem  develop  " 
ment  of  the  subject  may  be  said  to  take  its  rise ;  yet  dura(  "^ 
that  comparatively  short  space  of  time  the  matter  has  bed  '  * 
studied  so  exhaustively  that  to-day  not  only  do  we  know  in  '*^. 
outlines,  but  in  many  of  its  branches  there  seems  little  K<if<  "^l 
for  doing  more  than  amassing  experimental  data  with  a  vioH  ' 
future  generalizations. 

The  problems  of  optical  activity,  which   first  led  to  ft"    ^ 
introduction  of  spacial  ideas  into  chemistry,  s 
passing  into  a  new  stage,  and  to  be  treated  more  from  ll 
point    of  view  of  the  physicist  than   from   that  of  the  p 
chemist.    Apart,  however,  from  these  mainly  physical  probltA 
there  are  others  which  require  solution,  and  which  seem  tn 
likely  to  be  dealt  with  by  chemical  means.     For  example, 
phenomena    of    racemisation,    though    they    have    been  < 
closely  studied  by  many  workers,  are  not  even  yet  coidiiIoe 
clear  to  us.     We  know  that  certain  active  compounds  i 
racemised  by  heat,  and  we  draw  the  deduction   that  doii 
this  process  changes  take  place  in  the  arrangements  of  4 
atoms  in   space  ■,  Wl  "«e  \wwe  wo  \i!ai.  di  vW  % 
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jement,  whether  it  becausedhy  theatomsconcemedsplit- 
from  the  rest  of  the  molecule,  into  which  Ihey  are  sub- 
ly  nssimilaled  in  new  positions;  or  whether  the  change 
iced  merely  by  the  intramolecular  vibration  of  the  atoms 
ng  in  amplitude  until  they  fall  into  new  positions  from 
hey  have  no  cause  for  return.  The  solution  of  such  a 
I  as  this  would  lead  to  most  valuable  results,  as  it 
enable  us  to  decide,  once  for  all,  the  problem  of 
ed"  as  opposed  to  "luidirected "  affinities;  for  the 
view  of  racemisation  is  quite  out  of  keeping  with  the 
iffinitybeingaseriesofforcesactingin  specific  directions, 
lent,  our  knowledge  favours  the  conception  of  affinity 
ward  by  Werner,  but  a  satisfactory  solution  is  still 
;  and  as  this  is  one  of  the  fundamental  questions  of 
lemistry,  some  definite  answer  to  it  is  required. 
1  most  important  oF  all  the  problems  connected  with 
iKtivity,  from  the  pomt  of  view  of  stereochemistry,  is 
Itte  possibility  of  producing  an  optically  active  com- 
which  contains  no  asymmetric  carbon  atom,  but  owes 
/ity  to  the  asymmetry  of  its  molecule  alone.  U  may  be 
It  such  substances  are  already  known,  for  in  the  case  of 
sites  there  is  no  true  structurally  asymmetric  carbon  atom 
molecule.  As  was  shown  on  a  previous  page,  however, 
ivily  of  the  inositc  series  may  be  traced  to  the  presence 
do-asymmetric  carbon  atoms  in  their  ring ;  so  that  this 
one  requiring  merely  a  slight  modification  of  the  defini 
order  ihat  it  may  be  included  with  the  others.  The 
umples  of  asymmetric  molecules  which  contain  no 
etric  carbon  atoms  are  to  be  found  in  compounds  of 
fiene  series,  such  as  : — 

R,  R, 

.  ^,C:C:C 

1  b:.       ""r, 

can  be  seen  from  the  space  foimula^  below,  the  groups 
,  R,|,  and  R,  lie  at  the  comers  of  a  tetrahedron  ;  thus  the 
te  will  be  an  asymmetrical  body,  and  X\ie  Wq  feTmNfes, 
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are  enantiomorphous.  This  case  was  foreseen  by  van't  ] 
and  predicted  by  him  in  one  of  the  early  editions  of  his  I 
on  the  arrangement  of  atoms  in  space. 


R2     R2 

Fig.  81. 


If  the  line  R4R.1  lies  in  the  plane  of  the  paper,  the  line 
will  be   perpendicular  to  that  plane.    Instead  of  the  d 
bonds  we   may  interpose  rings  between   the  carbon  a 
without  altering  the  asymmetry  ;  for  compounds  of  the  tv] 


Ri 


CH, 


Ko      CH, 


CFIa      CH,- 
CHa      CH,- 


Cri.»       R« 
-CH,       R4 


would  also  occur  in  enantiomorphous  forms.  Several  attc 
have  been  made  to  prepare  substances  of  structure  simi 
the  examples  given,  but  up  to  the  present  nothing  defi 
known  on  the  subject. 

Inorganic  chemistry  has  not   yet   reached   a   stage 
stereoisomeric  substances  can  be  produced  with  the  sam 


Ber,^  89,  1171.  ^3S  ^^^^^  *»  Y«t\Vvw  ^w\  ^ v^^,  Froc.^'l^^  \syv  Vv^ 


5  shown  in  the  carbon  compounds;  but  among  the  salts  of 
Lit,  pbtinum,  and  chromium,  purely  inorganic  compounds 
re  betn  isolated  in  siert-o isomeric  forms.  It  would  be 
very  considerable  interest  if  some  of  these  could  be  pre- 
ed  in  an  optically  active  condition.  It  would  be  easy  to 
thesise  an  asymmetric  compound  showing  optical  activity 
t  to  a  carbon  complex  contained  in  it,  but  the  crucial  ex- 
Inaent  would  be  one  in  which  the  compound  contained  no 
pon  atoms  at  all.  If  such  a  compound  could  be  isolated,  a 
It  field  would  be  opened  up,  (■renter  in  extent  than  that 
lealed  by  the  discovery  of  those  compounds  which  owed 
Sr  activity  to  asymmetric  atoms  of  nitrogen,  sulphur,  selenium, 

The  relations  between  vital  action  and  molecular  asymmetry 
'e  been  studied  by  various  workers  in  the  past,  and  it  seems 
bable  that  in  the  future,  when  more  results  have  been 
lined,  the  connection  between  these  two  phenomena  will  be 
irly  defined.  At  the  present  time  we  arc  almost  completely 
orant  of  this  most  important  branch  of  the  subject.  The 
chanism  by  which  the  living  tissue  builds  up  asymmetric 
istances  is  unknown  to  us,  and  we  cannot  even  put  forward 
easonable  theory  on  the  subject  which  is  supported  by  any 
isiderable  experimental  evidence.  The  work  of  Marckwald 
]  McKenzie  '  seems  to  show  that  only  those  reactions  which 
|uire  a  comparatively  long  interval  of  lime  for  their  accom- 
>hment  arc  capable  of  producing  an  asymmetric  compound 
direct  synthesis;  and  it  appears  not  improbable  that  time 
one  of  the  chief  factors  in  the  problem.  This  suggests 
It  the  processes  of  vital  synthesis  are  slow  in  comparison 
h  our  laboratory  reactions,  and  that  during  the  long  intervals 
ough  which  these  synthetic  processes  are  going  on  in  the 
ing  organism,  various  asymmetric  forces  in  nature  have  a 
ince  of  exerting  a  more  lasting  and  continuous  influence 
an  the  action.  What  these  forces  are  cannot  be  dogmatically 
led,  as  we  know  practically  nothing  on  the  subject;  but 
seems  not  improbable  that  the  rotation  of  the  earth,  or 

'  A/.ret-'nl.l  an.l  MiKeniie,  Bcr„  »,  ^  V^qo\^. 


536  STEREOCHEMISTRY 

terrestrial  magnetism,  or  the  motion  of  the  earth  around  the  sun, 
may  have  some  effect. 

Though  our  present  theories  suffice  to  explain  the  great 
majority  of  the  cases  of  isomerism  which  have  been  obsored 
up  to  the  present  time,  a  few  instances  are  known  whidi 
cannot  be  interpreted  in  accordance  with  these  views;  and 
since  it  is  only  by  a  study  of  exceptional  cases  that  we  cao 
hope  to  advance  into  new  fields,  it  may  be  well  to  direct 
attention  to  one  or  two  examples  of  the  kind. 

In  the  first  place,  we  may  mention  the  cinnamic  acids.  It 
has  long  been  known  that 'three  cinnamic  acids  exist,  while 
current  theories  provide  for  two  only.  The  matter  was  thus 
sufficiently  complicated,  but  it  has  been  rendered  even  more 
so  by  some  recent  work  of  Erlenmeyer  junior,'  by  which  he 
claims  to  have  established  the  existence  of  a  new  type  of 
isomerism.  According  to  his  views,  the  cinnamic  acids  from 
certain  sources  bear  a  strong  resemblance  to  the  racemic  forms 
of  compoimds  containing  an  asymmetric  carbon  atom,  though 
differing  from  these  in  that  the  cinnamic  acids  show  no  optical 
activity.  Erlenmeyer  states  that  he  has  actually  resohed 
cinnamic  acid  from  storax  into  two  stereoisomeric  modifica- 
tions ;  and  for  such  a  resolution  our  present  theories  give  no 
explanation  which  can  be  considered  really  satisfactorj-. 
Marckwald  and  Meth  -  have  contested  the  accuracy  of  Erlen- 
meyer's  results,  hut  the  question  cannot  be  said  to  be  settled 
as  yet.  It  seems  desirable  that  some  impartial  person  should 
repeat  the  work,  with  a  view  to  putting  it  beyond  any  disjHitt. 
Apart  altogether  from  this  p)oint,  however,  the  case  of  the 
cinnamic  acids  deserves  the  most  careful  consideration. 

An  analogous  case  was  observed  by  Lossen'  in  the 
hydro xamic  acids.  It  has  already  been  described  in  Chapter 
III.,  p.  216. 

*  Krlenmeyer  junior  and  Arnold,  Annalen^  887,  329  (1905):  Erlen- 
meyer junior,  />Vr.,  88,  2562,  3496  (1905) ;  M/i/.,  89,  7SS,  1570  (1906): 
Erlenmeyer  junior,  liarkow,  and  Herz,  Ber,^  40,  653  (1907). 

=  Marck\s;\U\  aui\l»VclVv,i6itf.,^,  \\\^^  1966,  2598  (1906). 

'  Ix>«isen,  A  nnaUn ,  %%\,  \q(5)  V^''>«H^  ^  ^  -^^^^^^^  ^sv^Tassca..,  AwtMlem,  Stt. 
226  (1894)  ;  compare  Wwu^x,  Ber.,^,\\YiVv^=^N>^sA.%K&«i..^>WA^xv^, 
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A  very  peculiar  instance  has  been  nottd  by  Henricjues  ' 
among  the  sulphur  derivatives  of  y8-naphthol.  He  obtained 
dihydroxy-dinaphthyl-sulphide  in  two  forms,  to  which  he 
ascribed  the  space  formulae  : — 


OH        OH 


OH 

Anti-form 


Syn-form 


He   found    that    the    two  compounds    differed   in    melting- 

^  pointy  gave  different  acetyl  derivatives,  and  one  form  could  be 

^.  converted  into  the  other.     The  configurations  were  deduced 

;~    from    the  behaviours    of    the   two   substances   on   oxidation. 

When  the  anti-compound  is  oxidised,  the  two  oxygen  atoms 

are  united  together,  and  the  napthalene  rings  are  thus  pulled 

into   the  syn-configuration.      On   reducing   this   intermediate 

product,  the  syn-isomer  is  produced  : — 


'  Henriqup,  Ber.,  27,  2993  U^V 
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Henriques  found  that  from  the  syn-compound  alone  was  it 
possible  to  split  off  both  hydroxyl  groups,  thus  forming  a 
dinaphthalene-thiophene :  — 

OH      HO 


It  seems  evident  that  this  is  a  case  which  certainly  cannot 
be  explained  on  the  ordinary  stereochemical  lines,  and  it  is 
desirable  that  the  point  should  be  cleared  up.  It  is  not  in 
accordance  with  our  present  views  that  a  sulphur  atom  should 
introduce  an  element  of  rigidity  into  the  molecule ;  and  it 
seems  more  probable  that  the  isomerism  is  not  stereochemical 
in  character,     'i'he  question,  however,  is  worthy  of  study. 

Anotiier  anomalous  case  has  been  observed  in  the  series 
of  the  dibenzylidene-succinic  acids.  Stobbe  '  states  that  these 
substances  occur,  as  might  be  expected,  in  three  isomeric  forms 
corres})onding  to  the  S[)ace  fornuiKx  : — 

llOOC  — C C— COOH 


(„H,— C— H  H— C— CJI, 


HOOC— C 


— C— COOH 


C,H  — C     II  C,H  — C— H 
H0(  )C— C- C-    COOH 


II-  C— C,H,  C,H— C— H 


*    Sto\>\)C,  Verh,  A,    GtS.  ^tsxX.    NatwyJorscK.  u.    Atrl-At^  VVwxich, 

p.  88. 
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Each  of  these  has  its  characteristic  anhydride,  but  thet 
appears  to  be  a  fourth  anhydride  capable  of  existing,  which 
can  be  changed  into  one  of  the  three  by  exposing  it  to  sunlight : 
and  for  the  formation  of  this  substance  we  have  no  explanation 
at  present. 

In  addition  to  instances  such  as  these,  there  are  several 
cases  known  where  isomerism  has  been  suspected  but  is  doubt- 
ful ;  and  it  appears  desirable  that  an  end  should  he  put  to 
this  uncertainty.  Cases  in  point  are  the  anils,  and  isomerism 
in  the  compounds  of  the  type  Nabc.  In  this  connection,  it 
may  be  pointed  out  that  one  case  has  been  overlooked  in 
which  stereoisomerism  might  be  expected,  namely,  that  of  the 
trialkylaminc  or  phosphine  oxides.  On  the  views  at  present 
accepted  with  regard  to  the  configuralion  of  pentavalent  nitro- 
gen compounds,  and  the  analogy  of  similar  compounds  of 
phosphorus,'  there  seems  no  doubt  that  stereoisomerism  should 
be  shown  by  compounds  of  the  type  ; — ■ 

O 


/!\ 


From  the  sludy  of  such  substances,  many  interesting  dala  might 
be  obtained ;  and  it  is  to  be  hojwd  that  attention  may  be 
directed  to  them  in  the  near  future. 

Among  the  class  of  nitrogen  slereoisomers,  it  seems  strange 
that  the  azo-group  does  not  appear  to  favour  the  occurrence 
of  this  type  of  isomerism.  Janowski'  described  two  trinitro- 
a/otoluenes  and  two  /-azoxy-toluenes,  but  apparently  this,  and 
that  of  the  axophenols  described  by  Willsiatter  and  Benz,'  are 
the  only  cases  known.  A  further  investigation  of  this  branch 
of  the  subject  might  yield  results  of  a  certain  interest,  though 
they  would  be  of  no  great  value  from  the  point  of  view  of  an 
advance  in  our  theories. 


'  Caven,  Trans.,  Bl,  136*  (I902K 

=  Janowsk[,  MonaK'i..  9,  831  ( 1S8S). 

'  WiUstmet  and  Bcni.  Bfr..Vi,  -j^gi ^,\ORfe-i, 
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The  most  important  problem  in  the  division  of  the  subject 
devoted  to  the  double  bond  is  certainly  that  of  the  addition 
of  bromine  in  the  trans-position  in  unsaturated  acids,  which 
are  attacked  in  the  cis-position  by  oxidising  agents.    There 
seems  little  doubt  that  this  difference  really  exists,  and  from 
the  theoretical  point  of  view  it  is  perhaps  the  most  important 
of  all   the   present  problems  of  stereochemistry.     The  first 
question  which  must  be  settled  is,  of  course,  that  of  the  exact 
influence  exerted  by  the  nature  of  the  radical  or  atom  which 
attacks  the  double  bond.     In  the  light  of  our  present  know- 
ledge it  seems  likely  that,  since  the  difference  is  found  when 
a  monovalent  element  like  bromine  is  substituted  for  a  divalent 
one  like  oxygen,  the  divalent  element  is  able  to  act  as  a 
bridge  between  the  valencies  of  the  two  carbon  atoms,  and  thus 
hinder,  or  encourage,  some  intramolecular  change.     Clearly, 
the  problem  sliould  be  attacked  by  finding  some  polyvalent 
element   other   than    oxygen    which   is   capable   of  attacking 
double  bonds,  and  studying  the  behaviour  of  this  atom  with 
regard  to  the  position  in  which  it  adds  itself  on  to  the  double 
bond.     However  the  solution  of  this  problem  be  obtained,  it 
will  certainly  render  clearer  the  fundamental  principles  of  the 
subject,  for  at  present  we  have  no  hypothesis  which  makes  the 
known  facts  at  all  comprehensible. 

Turning  for  a  moment  from  wider  questions,  attention 
may  be  drawn  to  the  urgent  need  of  new  methods  by  the  aid 
of  which  the  configuration  of  compounds  may  be  accurately 
determined.  At  the  present  time  there  are  hardly  any  re- 
liable ones  known,  even  in  the  case  of  the  ethylene  isomers. 
In  tlie  liydrazone  series  nothing  at  all  has  been  done  in  this 
direction  ;  and  the  same  may  be  said  of  cases  like  that  of  the 
quinone  oximes.  The  same  lack  is  felt  in  the  case  of  the 
configuration  of  those  open-chain  compounds  which  are  not 
optically  active ;  here,  except  in  a  few  isolated  cases,  we  know 
absolutely  nothing  of  the  arrangements  of  the  atoms  in  space- 
It  is  unlikely  that  we  have  already  discovered  all  the  possible 
means  of  determining  the  configuration  of  all  these  substances : 
and  a  suceess^uV  Te^eaiOcv  ow  \)cv^  ^\^i\^^\.  ^^\ikd  well  repay  any 
time  spent  upow  \\., 
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There  are,  however,  greater  questions  than  these.  For 
instance,  the  stability  of  various  poly m ethylene  rings  seems  lo 
be  a  matter  which  is  influenced  more  by  space  relations  than 
by  chemical  factors ;  and  a  careful  study  of  the  cases  which 
are  in  agreement  with  Baeyer's  Strain  Theory  and  a  comparison 
between  them  and  those  instances  which  are  exceptions  to  the 
theory  might  conceivably  yield  valuable  results,  and  might 
quite  possibly  throw  light  upon  the  causes  of  the  moditication 
of  the  stability  which  is  brought  about  by  varying  the  number 
of  carbon  atoms  in  the  ring,  l-'rom  this  point  of  view  the 
almost  equal  stabibty  of  the  five-  and  six-membered  ring  systems 
is  specially  noteworthy,  and  a  special  study  of  the  exceptional 
cases  already  known  to  us  might  be  expected  to  suggest  new 
lines  of  research  on  the  point. 

In  the  problems  hingeing  upon  sieric  hindrance,  much  has 
yet  to  be  investigated.  It  is  unnecessary  to  enter  into  details ; 
one  case  will  suffice  as  an  example.  In  the  foregoing  pages 
it  has  been  shown  that  the  second  ring  in  naphtlialene  com- 
pounds sometimes  exercises  a  hindering  inSuence,  while  in 
other  reactions  this  is  not  observed  ;  the  cases  of  oxinie  forma- 
tion, esterification,  hydrolysis,  and  the  benzidine  change  may 
be  recalled.  If  the  hypothesis  of  steric  hindrance,  pure  and 
simple,  be  applied  lo  these  instances,  we  are  obviously  forced 
to  the  conclusion  that  the  second  nucleus  in  the  najrfithalene 
molecule  changes  its  configuration  according  to  the  cliaracter 
of  the  nucleus  lo  which  it  is  attached,  and  on  this  view  we 
may  be  able  to  arrive  at  interesting  results.  On  the  other 
hand,  if  we  reject  the  steric  view,  an  equally  imiwrtant  series 
of  deductions  might  be  drawn  from  the  same  facts,  since,  if 
steric  considerations  do  not  intervene,  then  the  different  effects 
noticed  must  be  due  to  changes  in  the  chemical  character  of 
the  two  nuclei. 

Another  instance  of  steric  hindrance  which  deserves  careful 
study  is  that  of  the  phenomena  generally  grouped  under  the 
head  of  Bischoffs  Dynamic  Hypothesis.  The  modern  stand- 
point of  chemistry  seems  to  be  becoming,  on  the  one  hand, 
more  mechanical,  but  on  the  other  less  grossly  materialistic 
than  the  position  of  a  decade  ago ;  and  tt\cwi^  '"t  ^^e^  "**^ 
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forced  to  speak  of  "collisions"  between  atoms,  we  use  the 
word  more  as  a  convenient  nomenclatUTe  tlian  as  an  actual 
representation  of  the  action.  We  are  thus  in  danger  of  letting 
go  one  simple  conception  without  having  anything  more  than 
mere  words  to  lake  its  place;  and  it  seems  expedient  at  the 
present  time  to  review  the  whole  question  in  order  to  bring  il 
into  consonance  with  our  present  views  in  other  fields  of  kiioK- 
ledge.  It  may  be  that  the  "  collision "  idea  is  the  truu  one, 
but  there  is  no  reason  why  the  whole  question  should  not  be 
studied  afresh  from  a  new  point  of  view.  It  is  unlikely  That 
any  experimental  work  carried  out  in  this  field  after  the  pr^scni 
time  will  do  more  than  reaffirm  the  main  points  already  estat^ 
lished  by  KischofF;  but  some  new  explanation  of  the  occurrenw 
of  "critical  positions"  might  lead  to  results  of  the  greatest 
imixjrtance. 

This  is  not  the  place  to  deal  with  the  practical  appMcationt 
of  stereochemistry,  which  have  already  been  fully  treated  in 
other  works.  It  is  to  he  anticijiated  that  sarcharimetry  by  the 
aid  of  a  polariscope  is  not  the  last  word  on  the  subject. 

Up  to  the  present,  this  branch  of  chemistry  has  not  been 
brought  much  into  connection  with  other  sciences,  but  the 
possibilities  in  this  direction  are  to  be  surmised  from  the  results 
in  the  case  of  the  investigation  of  the  origin  of  petroleum. 
From  the  geological  point  of  view  il  is  of  the  greatest  interesi 
to  know  whether  petroleum  is  an  inorganic  product  or  is  pro- 
duced hy  the  degradation  of  vital  organisms.  ^VaIden  '  pointed 
out  that  if  jMilroleum  were  an  optically  active  substance,  its 
vital  origin  was  almost  a  i:ertainty.  This  activity  has  been 
established  by  Ragusin  in  the  cases  of  Caucasian  and  American 
petroleums,  so  that  the  question  is  now  practically  beyoif] 
doubt. 

Finally,  it  may  be  well  to  point  out  that  there  seem 
to  be  possibilities  of  fruitful  research  in  connection  with  the 
problems  of  dimorphism.  Already  some  tentative  eflforts  haw 
been  made  in  this  direction ;  for  example,  Knoevenagel  hat 
endeavoured    to    explain    the    occurrence    of    two    forms  of 


'  VJalden,  JValanuiH.  Ku«astluui,'ft,\^kw»»tiv 
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benzophenone  by  the  aid  of  his  space  formula  for  benzene, 
but  no  broad  study  of  the  question  has  yet  been  attempted. 
To  any  one  desirous  of  taking  up  such  a  research,  the 
study  of  O.  Lehmann's  Moleknlar-physik  may  be  recom- 
mended, as  in  that  book  he  has  collected  some  scores  of 
instances  of  dimorphism  among  organic  and  inorganic  com- 
pounds. 


THE  RELATtOKS  OF  STEREOCHEMISTRY  TO  FHVSiOlQQ'S.  \ 

It  was  pointed  out  in  one  of  Uie  early  cbapters  of  this  bo^ 
that  while  some  inorganic  compounds  possessed  the  faculty  o(' 
rotating  the  plane  of  polarization  of  light  passing  through  tb4 
crystals,  they  lost  this  property  when  dissolved  or  powdered; 
while,  on  the  other  hand,  certain  carbon  compounds  retJuB 
their  influence  upon  the  plane  of  polarization  even  when  ftiscd 
or  dissolved.  In  the  first  case,  we  are  dealing  with  the  effed 
of  a  mere  crystalline  form  ;  in  the  latter  case  we  have 
funiianiental  asymmetry  within  the  molecule  itself.  Until 
few  years  ago,  the  only  known  sources  of  optically  active  carbon 
compounds  were  natural  ones ;  and  for  a  time  the  case  n- 
setnbled  that  of  organic  chemistry  previous  to  Wobler'^ 
synthesis  of  urea.  A  section  of  chemists,  even  quite  recenl' 
maintained  that  vital  action  was  essential  to  the  producti 
of  asymmetric  compounds,'  It  seems  hardly  necessary 
point  out  that  this  view  is  based  upon  a  misconception  of  1 
problem.  It  is  generally  recognized  that  the  synthe^s 
urea  definitely  destroyed  the  hypothesis  that  so-called  orgi 
substances  could  only  be  formed  by  the  action  of  Ui 
matter;  and  yet  it  is  admitted  that  Wohler  himself  wu 
living  agent.  But  the  upholders  of  the  vitalistic  iheoiy 
asymmetric  synthesis  insist,  that  because  Pasteur  emptOTB 
his  hands  to  separate  the  crystals  of  the  active  tartaric  aoA; 
therefore  vital  influence  came  into  ptay,  and  the  synthesis  va 
merely  another  example  of  the  vital  method.  This  style  of 
argument  misses  the  main  point  altogether.  When  we  sjioi 
of  the  formation  of  a  substance  by  vital  action,  we  imply  in 
formation  within  some  vital  organism,  not  its  productioo  il 
the  laboratory  by  the  agency  of  a  human  being.  The 
method  is  usually  treated  as  a  purely  chemical  one, 

'  See  the  uonltoveis^  in  ■jnl^.  M  ami  S9  (1898-9)  of  Natmrr,  in  d 
Japp,  ilartruin,E««a,¥'ttKi«aa.\4aT>ia>i.™   "    " 
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Ericlly  speaking,  it  is  no  doubt  merely  a  modification  of  the 


n  if  we  admit  this,  still  the  production  of  asyoi 

Dpounds   by  the   aid  of  non-vital  forces  is  not  rendered 

Bpossible,   for  thtre   are    many   "non-symmetrical    forces" 

us  in  nature,  the  action  of  any  one  of  which  might 

!  sufficient  to  give  rise  to  an  asymmetric  compound  from 

■y  symmetrical  materials.      The  work  of  Byk  '  has  shown 

n  active  body  might  be  produced  by  the  action  of  natural 

s  alone,  without  the  interference  of  life  in  any  form. 

i  actual  processes  by  means  of  "which  living  organisms 

;  able  to  synthesise  optically  active  compounds  from  purely 

ncnetrical    ones   have    not   yet   been    discovered ;    we   are 

lorant  even  of  the  broad  Unes  along  which  the  operation 

Keeds.     It  is  possible  that  the  synthetic  processes  of  the 

;  organism  take  place  very  slowly,  so  that  certain  natural 

s,  such  as  the  earth's  rotation,  or  its  magnetism,  have 

to  influence  the  reactions.     Experiments  on  this  line 

_  it  conceivably  lead  to  interesting  results. 

When  we  come  to  consider  the  stereochemical  configura- 

I  of  living  bodies,  we  find  that  where  there  is  a  possibiUty 

stereoisomerism   being   shown  by  a   natural  product,  the 

^table  or  animal  cell  generally  contains  the  active  form  of 

!  compound.     The  majority  of  proteids  are  almost  all  Ifevo- 

mpounds,  while  the  bile  acids  occur  in  the  dextro-configura- 

Dipentene  appears  to  be  an  exception  to  this  rule,  as  it 

1  found  in  the  racemic  form.     From  the  fact  that  so  many  of 

;  products  of  living  organisms  display  optical  activity,  we 

lay  deduce  Chat  the  organisms  themselves  have  the  power 

f  differentiating  between  the  dextro-  and  Isvo  compounds, 

atroying  the  one  form  while  leaving  the  other  more  or  less 

A  considerable  amount  of  research  has  been  carried 

1  the  subject,  and,  on  the  whole,  it  appears  to  confirm 

!  view.     It  seems  probable  that  the  tissues  of  living  beings 

\  themselves  asymmetrical,  and,  in  their  action  upon  foreign 

f,  select  those  whose  stereochemical  configurations  best 

«ilh  their  own,  while  they  reject  the  stereo  isomeric  ty]>es 

configurations   appear   to   be   unravourable  (o  mutual 

In  the  following  pages  a  brief  account  will  be  given  of  the 

nilts  arrived  at    in  some  typical  cases.     It  is  too  early  tn 

ratine  on  this  subject, as  at  present  the  data  at  our  disposal 
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are  disconnected,  and  in  some  instances  contradictory ; 
will  be  atlenipled  will  be  to  sbow  the  influence  wh 
stereochemical  character  of  a  compound  exerts  over  it: 
upon  living  tissues.  The  relations  between  fennenlation  wd 
stereochemistry  have  been  dealt  with  in  another  volume  or  ihit 
series,'  so  we  need  not  enter  into  that  question  here. 

Brion'  studied  the  action  of  the  animal  organism  upon  tht 
four  tartaric  acids.  His  results  may  be  summarised  as  toWan. 
Lfevo-  and  raeso-tarlaric  acids  seem  to  be  oxidised  t 
equal  extent ;  dextro- tartaric  is  destroyed  to  a  less  extent  than 
either ;  while  racemic  acid  is  least  oxidised  of  all.  Thii 
behavour  on  the  part  of  racemic  acid  seems  to  show  that  it  ii 
not  decomposed  into  its  components  during  its  passage  ihnnijK 
the  organism. 

In  the  pentose  series,  Neuberg  and  Wohlgemuth' 
examined  the  case  of  the  three  arabinoses  and  their  derivativet 
The  results  obtained  when  the  substances  were  introduoei 
through  the  mouth,  I.,  subcutaneously,  II.,  and  intravenously 
HI,,  agree  fairly  well.  The  figures  below  give  the  percentag 
of  substance  recovered  from  the  urine  of  rabbits  : — 

Subslance.  I.  II.  III. 

/-Arabinose      ....     14-5  Ji  28-3 

if-       „  ....     3rj         36-0         31-0 

r-       „  ....     18-5         317  29-0 

The  three  arabonic  acids  showed  similar  differences  when  ll 
were  supplied  to  the  animal  in  the  form  of  sodium  salts:  less) 
the  Iffivo-  than  of  the  dextro- variety  was  attacked  in  this  caa 
After  dextro-  or  racemic  arabite  was  supplied  to  the  aniint 
small  quantities  of  pentoses  appeared  in  the  urine.  This  hi 
not  found  when  lievo-arabite  was  used.  In  the  case  of  til 
human  organism  an  even  greater  resolution  of  racemic  arab 
nose  took  place,  two-lhirds  of  the  excreted  substance  hat 
the  active  form.  From  this  the  authors  draw  the  deducM 
that  the  formation  of  racemic  arabinose  which  occurs  in  tt 
human  body  in  certain  diseases  must  take  place  in  some  oijl 
so  situated  that  after  being  liberated  from  it  the  arabinose  iiM 
submitted  to  any  process  of  resolution.  Nagano  *  finds  til 
IjKVO-xylose  is  better  absorbed  than  Isevo^arabinose, 

'  Mellor,  CMftniial  Slalia  a»J  Dynamics. 

'  Biion,  Znl.  fiAjnai.  Cicrn .,  SSi  2S3  (iS^S). 

'  NeiilwrR   ani!    Wohlgemuth,    /iiv.,   34,    1745    (1501)  ;    Xaf.  f 

•  Nagano,  yjlHgCT-".  A«hb  ,».**3'A°fsi\ 
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g  and  Mayer'  have  studied  the  case  of  the  three 
jbuoscs.  Here,  again,  the  dextro-variety  seemed  best  litted 
I  nourishment.  It  was  noticed  that  during  the  passage  of  the 
:  compounds  through  the  system  each  of  them  was  to 
Home  extent  converted  into  a  derivative  of  the  glucose  series. 
This  is  of  interest,  since  it  shows  that  the  physiological 
processes  can  produce  a  change  in  the  con figti ration  of  sugar 
Hiolccules,  Rosenfeld  '■'  found  that  sugars  are  excreted  in  urine 
in  the  following  order :  galactose,  roannose,  dextrose ;  the 
alcohols  also  in  the  order,  dulcite,  mannite,  sorbite. 

Tliese  instances  are  sufficient  to  show  that  the  configura- 
tion of  the  compounds  has  considerable  influence  upon  their 
physiological  action.  We  may  now  give  an  example  of  stereo- 
chemical influences  upon  the  senses  of  taste  and  smell.  In 
passing,  it  is  interesting  to  note  that  Pasteur  considered  nerves 
as  asymmelric  organisms. 

Piutti  ^  states  that  dextro-asparagine  has  a  sweet  taste,  while 
the  Ixvo-isomer  is  insipid.  This  difference  is  not  found  in  the 
asparagine  derivatives,  for  d-  and  /-asjiartic  acid  have  the  same 
taste.  In  the  case  of  gtutaminic  acid,  Menozzi  and  Appiani '' 
found  that  the  dextro-form  had  a  sweet  taste,  while  the  lievo- 
form  was  tasteless.  Sternberg' states,  that  as  a  rule  there  is 
possibly  a  quantitative  but  not  a  qualitative  diflference  between 
the  effects  of  stereoisomers  upon  the  sense  organ.  A  disputed 
case  is  that  of  mannose  and  glucose.  W.  A.  van  Ekenstein ' 
states  that  the  former  tastes  sweet,  while  the  latter  is  Bitter. 
This  has  been  contradicted  by  Neuberg  and  Mayer.'  Werner 
and  Conrad"  found  a  difference  between  the  odours  of  the 
methyl  esters  of  the  two  active  trans-hexahydro-terephthalic 
acids;  while  Schmidt  and  Tiemann  observed  that  racemic 
ter|»enes  frequently  were  less  strongly  odoriferous  than  the 
active  isomers. 

The  toxic  qualities  of  two  stereoisomers  have,  in  some 
instances,  been  found  to  be  different,  and,  in  others,  identical. 


'  Nciiliori;  anil  M.iytt,  Zeil.  phyiiol.  Ch/m..  VI,  530  (1903). 
'  Ui.senf-.li I.  C:ni,.,ll.la!tf.iHHereMiJicin,i,\,  177(1900). 
■    I'lulli,  <'om^t.  r,;,,!.,  108.  134(1886). 

•  \kn.v/i  .iJiJ  Aiiiiiani,  Alh  Jf.  Accad.  Unen,  [5I.  2,  II.,  4^1   ( 
::,;:W/,I.  17.  12(1.   lSi(lS87). 

'  SteriilwiK,  Archiv.  Anat.  Phys.,  18BB,  45;. 

"  Van  Klteniteiii,  AV.  Iran,  chim,,  IB,  zz3  {1S96). 

'  Ntnbetg  and  Mayer,  Zai.  fkysiol,  Ciem.,  91,  ^^t,  1,\iidt,v 

•  H'emrr  and  Conrad.,  Ar.,  ^,  30JZ  (1S99V 
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Chabrif  s  results  with  the  tartaric  acids'  are  stated  by  Cushny- 
to  be  valueless,  as  the  toxic  medium  in  this  case  is  the  hTdragea 
ion.  Ladenburg  and  Falck'  compared  the  action  of  aclivt 
dextro-coniine  and  the  synthetic  alkaloid,  but  found  no 
difference  between  the  two.  Poulsson '  studied  the  action  of 
the  cocaines  on  the  tongue,  and  found  that  the  paralping 
action  of  dextro-cocaine  was  stronger,  and  set  in  more  rapwiiy 
than  that  of  Itevo-cocaine,  but  the  efTect  was  not  so  lasting  is 
in  the  case  of  the  la; vo- isomer.  The  fatal  doses  seem  lo  \>t 
the  same  for  each  isomer  in  the  case  of  frogs  or  rabbits.  This 
difference  in  action  was  confirmed  by  Ehrlich  and  Kinhom.' 
The  therapeutic  action  of  atroscine  is  said  to  differ  from  ihili 
of  scopolamine."  Cushny '  found  that  atropine  and  hyoscyv 
mine  act  in  the  same  way  and  with  equal  potency  on  the 
central  nervous  system  in  mammals.  Atropine  possesses  3 
more  powerful  stimulant  action  on  the  reflexes  of  the  spiral 
cord  than  hyoscyamine.  On  the  other  hand,  hyoscj-aniint 
is  almost  twice  as  powerful  as  atropine  in  its  action  on  ilx 
nerve  ends  of  the  salivary  glands,  the  heart,  and  the  pupil 
Now,  atropine  is  racemic  hyoscyamine;  and  the  other  bai 
used  was  Ixvo-hyoscyamine :  so  that  we  have  the  followini 
results :  rfZ-hyoscyamine  has  the  same  effect  as  /4iy( 
cy amine  on  the  centra!  nervous  system  of  mamma 
Therefore,  in  this  case,  the  actions  of  iZ-hyoscyaroine  11 
/-hyoscyamine  must  be  identical.  On  the  other  hao 
(//-hyoscyamine  has  3  more  powerful  action  on  the  spii 
curd  than  /-hyoscyamine  has  ;  so  that  in  this  case  the  i/-i! 
is  the  more  effective.  In  the  case  of  the  effects  on  the  p 
nerve  endings,  since  /-hyoscyamine  is  almost  twice  as  povti 
as  (//-hyoscyamine,  it  seems  probable  that  (/-hyoscyamin 
almost  without  action. 

Albertoni'  finds  that  cinchonine,  which  is  dextro-rotatmj 
differs  from  its  laivo-rotatory  isomer  cinchonidine.     The  Ut 
acts  much  more  slowly,  and  requires  larger  doses  to 
the  same  effect :  it  produces  vomiting,  and  has  a  very  si 
marked  tendency  to  cause  spasms. 

1  CtiBl>ri<^,  0-m/>l.  iriui..  116,  nl.'dSgj), 
r  Ciishny,  J.  PhrsiBl..  30.  193  {rgo4). 
^Ladenburg  !"«l  Falck,  .J-iB/i/^n.  8*7.83(1888'. 
'  PouUwn,  Arrktv.  iJ:fi.  Palli.  n-rmalt^  27.  309  (1 
*  Ehilich  ftiHi  Einhorn,  Jier..  S7.  1S70  (1894}. 
■  Has.-.?./*..  r4«*,.[jl64,353('90'>- 
'  Cn«hnv,  7.  rhjiiol-lfi.  \^i•>,>^v^*>^^. 
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:   two   isomers,   quinine   and    quinidine,  also  differ   in 

rstologicat  action,  as  the  second  has  no  narcotic  properties, 

)Ugh  it  sliares  the  Tebrifugial  action  of  quinine.' 

*iyor^  found  that  dcxtro-  and  Itcvo-nicotine  were  different 

siological  properties,  the  latter  being  twice  as  poisonous 

:  former.     When  Isevo-nicotine   is  injected,  it  produces 

D  and  excitation  ;  under  the  same  conditions,  dextro-nicotlne 

s  painless.     The  former  causes  paralysis,  spasms,  retarda- 

I  of  the  heart's  action,  and  finally  death  by  cessation  of 

;  dextro-nicotine,  on  the  contrary,  produces  only  a 

mg  shivering  fit,  which  soon  passes, 

'l  seems  that  the  stable  isomer  has  usually  less  action  than 

a  labile  form.     This  has  been  shown  above  io  the  cases  of 

Fopine  and  its  derivatives,  and  another  example  is  furnished 

t  the  stable  and  labile  forms  of  methylmorphime thine,  the 

mer  having  a  much  weaker  action  than  the  latter. 

Hildebrandt,"  however,  examined  the  ethyl,  propyl,  butyl, 

1  isoamyl  derivatives  of  beniiyl-coninium  iodide,  and  found 

'le  isomer  having  the  lower  melting-point    had   a   less 

:  action  than  the  other. 

have   now  brought    forward   sufficient   evidence   that 

^siological  action  and  configuration  are  closely  related  in 

' ise  of  asymmetric  carbon  compounds,  and  in  the  following 

.raphs  it  will  be  demonstrated  that  changes  in  tlie  arrange- 
s  of  atoms  in  space  in  other  compounds  also  give  rise  to 
es  in  physiological  action. 

1  Brown  and  Fraser '  showed  that  when  certain  alka 
re  allowed  to  unite  with  methyl  iodide,  they  gained  a 
r  physiological  property  without  losing  any  of  their  previous 
iciency.  This  new  attribute  resembles  the  chief  properly 
f  curare,  in  that  the  methyl  iodide  addition  products  have  a 
action  upon  the  ends  of  the  motor  nerves  of 
scies ;  and  it  has  recently  been  shown  by  Boehm  '  that  when 
i  (the  tertiary  base  contained  in  curare)  is  treated  with 
^tbyl  iodide  it  gives  curarine,  a  substance  two  hundred  and 
ren^-six  times  as  poisonous  as  the  mother  substance,  and 


'  HUdebnuidi,  Bir..  88,  597  (1905). 
•  Cnjin   Brown  and  Fraser.  Tram. 
I  Am-.  R^.  Sue,  Edin.,  1869,  560. 
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possessing  in  an  acute  degree  the  paralysing  properties  of 
curare. 

Now,  in  all  these  cases  we  are  converting  a  tertiary  base 
into  an  ammonium  salt,  the  reaction  being  expressed  by  the 
equation  : — 

R  R         CH, 

R'-N     +     CH,I     =     Rj)n 

R^  R"     "^I 

and  it  seems  an  inevitable  conclusion  that  it  is  the  change  from 
the  trivalent  to  the  pentavalent  condition  of  the  nitrogen  atom 
which  has  conferred  the  property  of  paralytic  action  on  the  | 
substance.  The  question  is  not  completely  settled  by  this 
assumption,  however,  for  we  must  ascertain  whether  the  new 
property  comes  into  being  in  consequence  of  a  change  in  the 
nitrogen  atom  or  in  the  space  relations  of  the  molecule. 
Fortunately,  this  is  easily  decided.  All  that  we  need  do  is 
to  replace  the  nitrogen  atom  by  some  other  atoms  which  have 
faculty  of  changing  from  the  trivalent  to  the  pentavalent  con- 
dition. As  is  well  known,  compounds  of  trivalent  phosphorus, 
arsenic,  or  antimony,  derived  from  the  hydrides  PH,,  AsH., 
and  SbHa,  by  the  substitution  of  alkyl  groups  for  hydrogen 
atoms,  have  the  faculty  of  combining  with  alkyl  iodides  to 
form  salts  of  phosphonium,  arsonium,  or  stibonium  bases  of  the 
types : — 

P.R4.I         AS.H4.I         Sb.R^.I 

and  Vulpian '  has  shown  that  substances  of  this  type  do  not 
show  the  ordinary  physiological  behaviour  of  phosphorus, 
arsenic,  or  antimony,  but,  on  the  contrary,  have  a  strong 
curare-like  action.  The  substances  actually  used  by  Vulpian 
were  tetra-ethyl-arsonium  cadmium  iodide,  (I.),  tetramethyi 
arsonium  zinc  iodide,  (II.),  methyl-triethyl-stibonium  hydroxide, 
(III.),  and  tetra-ethyl-phosphonium  iodide,  (IV.). 

(I.)  (II.) 

As— I.CdLj  As— I.Znl, 

CgHji  ^jHg  CH,  CH, 


^   Vu\\V\ai\,  Arch.  a<  ^'h'^^.  iior«i,  ct,  ^alKol^A^  arv^. 
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(III  )  (IV.) 

Sb-OH  "^P  -I 

CjHj  GHj       4  CsHg        C9H1 

These  results  go  to  show  that  the  curare  effect  is  not 
produced  by  the  actual  presence  of  any  given  radicals,  but 
Tather  by  the  change  in  stereochemical  configuration  brought 
about  by  the  employment  of  the  two  secondary  valencies  of 
the  nitrogen  atom.  In  the  section  devoted  to  the  stereo- 
chemistry of  the  nitrogen  compounds  it  was  shown  that  in  all 
probability  compourvds  of  the  type  ^,abc  have  a  plane  con- 
figuration, i.e.  all  four  atoms  lie  in  one  plane ;  while  compounds 
of  the  type  ^,abcdX  have  a  different  disposition  of  their  atoms 
in  space,  so  that  the  curare  action  appears  to  be  due  to  the 
change  from  a  plane  to  a  three-dimensional  arrangement  of  the 
atoms.  Most  conclusive  evidence  in  favour  of  the  stereo- 
chemical explanation  is  furnished  by  the  behaviour  of  the 
sulphur  compounds.  Since  sulphur  is  a  divalent  element  in 
the  sulphides,  it  is  obvious  that  the  configuration  of  these 
compounds  must  be  plane,  as  a  plane  can  be  drawn  through 
any  three  points.  But  when  alkyl  iodides  are  combined  with 
the  sulphides,  the  configuration  of  the  new  compounds  is  not 
a  plane  one,  for  they  may  exist  in  optically  active  forms.  Now, 
this  change  from  the  plane  to  the  solid  configuration  is  accom- 
panied by  a  change  in  physiological  properties  similar  to  that 
shown  in  analogous  circumstances  by  the  nitrogen  compounds, 
for  it  has  been  observed  by  Curci  *  and  Kunkel  '^  that  sulphine 
bases  such  as  trimethyl-sulphine  hydroxide,  (CH..,)3.S.0H,  have 
a  pronounced  curare  character.  An  analogous,  though  not  so 
valuable,  case  is  that  of  the  conversion  of  a  monovalent  iodine 
atom  into  a  tertiary  one ;  alkyl  iodides  have  no  marked  curare 
action,  but,  as  Gottlieb^  has  shown,  diphenyl-iodonium 
chloride,  (C8Ha)2.I.Cl,  possesses  that  peculiar  paralysing  effect 
on  the  motor  nerves  which  is  characteristic  of  curare.  Here 
the  four  groups  in  the  molecule  are  probably  tetrahedrally 
arranged  in  space. 

The  case  of  the  ammonia  derivatives  of  cobalt,  chromium, 
and  rhodium  has  been  studied  by  Bock,^  who  proved  that  the 

*  Curci,  Arch,  dc  Pharm.  ct  de  Therap.^  4,  1896. 

*  Kunkel,  J^hrhuch  der  'Joxikologie  (^i<y)i), 
»  Gottlieb,  Bfr.,  27.  1592  (1894). 

'  Bock,  Arc/t,  cx/>.  Path.  Pharmak.,  52,  l,  ^o(,\^pV>. 
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metallic  element  present  in  the  substance  had  less  influci 
upon  the  physiological  action  than  was  exerted  by  the  gene 
type  of  llie  compound, 

The  infliience  which  cis-trans  isornerism  in  cycltc  co 
jiounds  can  exert  on  the  physiological  Lehairiour  of  the  isom 
is  exemplified  in  the  case  of  two  acids  whose  fontiiilx  I 
given  below.  The  cis-isomer  in  each  case  has  a  siupefji 
odour,  while  the  irans-com pound  is  devoid  of  smell : — 

Hexahydrof-diethyl-b en jyl amine  carboxylic  a 

CH,-CH,   H 

/  \\ 

CH,  H  ,C 

\  |/| 

CH, C   CH^N(CaH 

1 

COOH  ' 
Cis-romi,  stupeTyiog. 

CH,-CH,  CH^N(CHJ,"1 

\l 
CH,  H    C 


\ 


,/l 
-C    H 


COOH 

Tmns-rucni,  odonrlcai. 

Hexahydro-^ ielhyl-henzylaniiOe  carbo:grlKH 
COOH   CH,-CH„  CHj.N{C,H 
c  ^C 

i\        /I 

H   CH^— CHj   H 

Cis-rorm,  slupeFyiag. 

COOH    CH,— CH„    H 

1/  \l 

C  C 

l\         /I 

H.  CH<-CH.,  CH,N(C; 


Not  very  many  facts  are  known  with  regard  to  the  differences 
between  the  physiological  behaviour  of  two  stereoisomers  of 
the  elhyiene  type.  Ishi^uka  '  found  that  maleic  acid  was  a 
much  stronger  poison  than  its  stereoisomer,  fumaric  acid ; 
x'94  grammes  for  ev£ry  kilogramme  in  a  dog's  weight  was  a  fatal 
dose  of  the  former  add,  while  the  same  dose  of  fumaric  acid 
^»as  harmless.  It  is  probable  that  this  difference  is  due  to  the 
greater  affinity  constant  of  maleic  acid.  The  same  tonic  effects 
are  noticeable  in  the  case  of  the  cultivation  of  PmiHlliuin 
glaiicum  in  solutions  of  the  two  acids :  the  fungus  grows 
readily  in  fumaric  acid,  but  only  very  slowly  in  a  maleic  acid 
aoluiion,  Kahlenberg  and  True,'*  using  Lupinus  albus  L.,  were 
able  to  establish  the  following  figures.  Fumaric  acid  solution 
containing  one  gramme  molecule  in  6400  litres  was  fatal ;  on 
dilution  to  I  J, 800  litres,  the  organisms  were  not  destroyed. 
Cne  gramme  molecule  of  maleic  acid  in  3200  litres  was  fatal ; 
fcut  on  dilution  to  6400  litres  the  solutions  had  no  toxic  action. 
These  results,  being  the  converse  of  those  obtained  with  Peni- 
^tium  glaueiim,  seem  to  itoint  to  a  difference  in  the  molecular 
configuration  of  the  fungus  used.  Some  further  research  in 
this  field  might  lead  to  interesting  results,  as  the  case  may 
Eventually  prove  to  be  parallel  to  the  action  of  ferments  on  the 
■•gars. 

The  influence  of  geometrical  isomerism  upon  taste  has 
*een  observed  in  one  or  two  cases.  In  the  ethylene  series  we 
>^ve  the  example  of  ben^yl-^-amidocrotonic  ester,  one  form  of 
*hich  (m.p.  79-So")  is  quite  tasteless,  while  the  isomeric 
Compound  (m.p.  21°)  has  an  intensely  sweet  taste,  which 
■^sembles  that  of  peppermint.  A  similar  difference  is  shown 
Jmong  the  geometrically  isomeric  carbon-nitrogen  compounds, 
<:»  the  syn-form  of  anisaldoxime  is  tasteless,  while  the  ordinary 
ll-titi-form  is  very  sweet. 

In  the  body  of  this  volume  it  was  mentioned  thai  Laden- 
Utug's  explanation  of  isomerism  in  the  case  of  compounds  in 
i^faich  a  nitrogen  atom  forms  part  of  the  ring  had  been  applied 
to  tropine  and  i^-iropine.  The  following  paragraphs  contain  a 
Nummary  of  evidence  from  the  physiological  side  of  the  question 
tvbich  appears  to  render  Ladenburg's  view  doubtful. 

Tropine  and  atropine  are  isomeric  substances  having  the 
common  structural  formula  : — 


'A 


The  mandelic  acid  derivative  of  tropine  has  a  strong  mydriatic  I 
action,  while  the  analogous  i^-tropine   derivative   is  inactin:.  H 
If  we  reject  the  Ladenbutg  hypothesis  of  the  unsymmetricjl  ' 
arrangement  of  the  nitrogen  valencies  in  space,  on  which  v' 
the  isomers  are  represented  by  A  and  B  :- — 


CH, CH- 


-CM, 


B 

we  arc  driven  to  accept  ihi;  oniy  alternative  hypotliesis,  vit 
attriljute  the  isomerism  to  dilferences  in  the  space  arrangcmi 
of  the  atoms  in  the  group  -(."HtOH)-.  If  a  model  be  built 
from  the  structural  formula,  it  will  be  found  that  the  two  tti 
in  the  molecule  lie  at  an  angle  to  one  another,  instead  of  bd 
in  the  same  plane,  so  that  a  rough  diagrammatic  representatl 
of  the  model  would  resemble  one  of  the  figures  below  : — 

-OH 


i 


H— e 

cH,r 

CH, 
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!  difTerence  between  the  two  TormulEe,  as  can  be  seen  by 
)ectiDn,  lies  in  the  fact  that  in  formula.  (I.)  the  hydroxyl 
lup  lies  on  the  same  side  of  the  molecule  as  the  two  hydrogen 
kms,  while  in  formula  (II.)  it  lies  on  the  opposite  side  of  the 
blecule,  adjacent  to  the  methylene  groups  of  the  ring. 
T  The  compound  N-methylvinyl-diac.etone-alkamine  can  also 
)  stereo  isomeric  forms,  which  are  represented  by 
fc  two  figures : — 


s  plain  that  fonnulK  (I.)  and  (Ia.)  are  analogous  to  each 
iier,  while  (II.)  and  lU.)  are  also  alike. 

Now,  one  of  these  N-melhylvinyl-diacetone-alkamines,  either 
*.)  or  (11a.),  has  the  same  physiological  action  as  iropinc, 
hile  the  other  is  inactive,  like  i^-tropine.  Tlie  resemblance 
Kween  the  two  series  is  thus  very  close.  The  chief  difference 
pweun  the  formula  (Ia.)  and  (IIa.)  seems  to  he  that  in  the 
"a  case  the  hydrogen  atom  on  the  bridge  lies  on  the  same 
e  of  the  molecule  as  the  two  methyl  groups,  while  In  (Ha.) 
les  on  the  side  adjacent  to  a  hydrogen  atom.  If  we  could 
lace  this  hydrogen  atom  by  a  methyl  group,  we  should 
Btroy  the  possibility  of  a  stereoisomerism.  Not  only  so, 
X  from  the  physiological  action  of  the  new  compound  we 
>uld  be  able  to  draw  conclusions  as  to  the  effect  of  the 
fdroxyl  radical  lying  on  the  same  side  of  the  molecule  as  two 
phyl  groups,  for  in  the  new  substance  it  must  be  adjacent  to 
'p  methyl  groups  to  any  case,  as  the  two  configurations  are 
Botical;— 

CH,  CH, 

H  -J?;\-OW        HO— ->C4— H 


CH^ — I ^C— CH,        CH,    -;.€— CH, 

,.NlCH,l 

C^, —  t CH,       CH— C CH, 
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This  compound  is  actually  known, being  N-methyI-triacetoo^ 
alkamine.  An  examination  of  its  properties  shows  that  it  has 
the  same  physiological  effect  as  tropine.  From  this  we  may 
deduce  that  the  physiologically  active  N-methylvinyl'-diacetoo^ 
alkamine  has  the  configuration  (IIa.)>  ^nd  that  therefore  tropiDe 
must  have  the  space  formula  (XL),  while  atropine  is  (I.).* 

In  the  case  of  tropine  and  N-methylvinyl-diacetone-alka- 
mine  it  is  the  labile  isomer  which  has  a  physiological  effect ; 
the  stable  isomer  being  inactive.  From  analogy,  then,  we 
should  expect  the  physiologically  active  N-methyl-triacetone* 
alkamine  to  be  a  labile  compound,  if  the  Ladenburg  hypothesis 
were  correct ;  but  as  so  far  no  isomer  of  it  has  been  isohted, 
it  appears  to  be  a  stable  body.  This  fact  does  not  affect 
the  question  from  the  point  of  view  of  the  alternative  theor)' 
of  tfie  isomerism,  but  from  the  Ladenburg  point  of  view  it  is 
very  serious.  It  should  not  be  overlooked,  however,  that 
Ciroschuff '  mentions  two  isomeric  compounds  of  the  formub :~ 

HO   CHa— C(CH3)2 

1/  "^         ^ 

C  Z  N.CO.NH.C.QH. 

H   CH.,-C(CH,), 

a  case  which  only  the  ladenburg  hypothesis  can  explain.  It 
would  be  interesting  to  know  the  physiological  actions  of  these 
two  substances. 

Tlie  differences  in  physiological  action  which  are  observed 
in  the  cases  of  cocaine,  eucaine,  and  a-cocaine  may  jxjssibly 
be  due  to  spacial  influences,  but  nothing  is  at  present  known 
on  the  point. 


*  This  is,  of  course,  not  a  pr(K>f  of  the  absolute  config^ratiun  of  the 
compounds,  for  opposite  results  are  obtained  by  choosiDg  as  a  starting;* 
point  the  relations  of  the  hydrogen  atom  to  the  methyl  groups.  If  thb 
were  <lone,  tn)i)ine  would  be  represented  by  (I.)  and  <f^tropine  by  (II.). 

*  Groschurf,  />>/'.,  84,  2974(1901). 
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P/J/ECT/OXS  FOK    THE   COA'STKUCT/ON  OF  STEKEO- 
CHEMICAL  MODELS. 

WRDBOARD  letrahedra  may  be  obtained  from  the  firm  of  liran/. 
Hugershoff,  Carolinen  Strasse  13,  Leipzig.'  They  are  mounted 
on  wire  stands,  and  cost  about  a  shilling  each.  Without  Ihe 
stand,  they  cost  threepence  each.  These  tetrahedra  can  be 
obtained  in  two  forms,  either  of  the  usual  type,  or  with  trun- 
cated points ;  Ihe  latter  form  is  suitable  for  making  models  in 
which  two  or  three  tetrahedra  are  joined  Together. 

^^'ooden  tetrahedra,  suitable  for  private  study  or  for  class- 
room demonstration,  liave  been  designed  by  A.  Eiloart,  and 
may  be  obtained  from  Messrs.  Baird  and  Tallock,  Cross  Street, 
Covent  Garden,  London.  A  set  of  six  tetrahedra,  forty  tin 
caps  with  the  formulffi  of  various  radicals  painted  upon  them, 
and  a  series  of  pins  for  joining  the  tetrahedra  together,  costs 
^z  laj.  61/.  Stands  to  fit  tliese  models  can  be  had  from  the 
same  firm  for  6j.  dd. 

The  Austro- American  India-rubber  Manufacturing  Company, 
HiiUeldorfer  Strasse  74,  Breitensee,  Vienna,  Austria,  sell  rubber 
models  in  which  four  tubes  branch  from  the  centre  of  the 
model  in  the  directions  of  the  four  corners  of  a  tetrahedron. 
These  models  cost  thirty  shillings  per  hundred ;  oxygen,  nitrogen, 
and  hydrogen  atom  models  to  match  cost  respectively  twenty, 
fiftL-en,  and  six  shillings  per  hundred.  Messrs.  Baird  and 
Tallock  make  similar  models  at  eighteenpence  the  set,  each 
set  being  sufficient  to  illustrate  the  isomerism  of  the  tartaric 
acids.  More  complete  sets,  containing  models  of  twelve 
carbon  atoms,  cost  nine  shillings.  A  larger  size  of  model 
may  be  obtained  at  double  the  price. 

'  H.  W]<i1icenus,  '/.fit.  AHgr.i:  Cktm.,  IS,  49(1901). 
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Engler's  models  are  also  sold  by  Messrs.  Baird  and  Talbd  I 
at  Iwenty-two  shillings  per  set.  They  are  balls  conneflcd  by  I 
flexibit  tubing. 

The  most  convenient  set  of  models '  is  that  supplied  hs  | 
the  firm  of  C.  Desaga,  of  Heidelberg,  at  a  cost  of  five  marts,  I 
postagt;  one  and  fourpeiice  extra.  For  this,  the  following  are  I 
supplied.  Eight  large  balls,  representing  carbon  atoms;  four  I 
others,  representing  nitrogen  atoms ;  two  smaller  balls,  rcprc-  I 
senling  oxygen  atoms ;  thirty  small  balls,  which  represent  any  I 
mono-valent  atoms  or  radicals.  All  these  are  bored  so  ihil  I 
they  can  be  joined  together  with  lead  rods,  which  are  supplied  ' 
to  represent  bonds.  The  models  are  enclosed  in  a  nai  ' 
wooden  ho\.  This  set  is  quite  suflScient  for  most  purposes, 
and  the  models  are  of  a  most  convenient  size. 

It  is,  however,  quite  easy  to  make  a  number  of  models  fo« 
studying  stereochemical  problems ;  and  in  most  cases  it  is  bet 
lo  do  this  one's  self,  as  there  are  many  models  which  cannot  be 
bought  ready  made. 

The  simplest  method  of  making  telrahedta  is  lo  cut  ihem 
out  of  yellow  soap.  Plasticine  may  be  used  instead  of  snip, 
but  it  does  not  appear  to  be  so  satisfactory.  Needles  make 
the  best  bonds  for  models  of  this  type. 

Models  may  also  be  made  from  cork.  It  is  not  neceuaij 
to  cut  the  cork  into  shape ;  four  matches  or  pins  are  thruji 
into  the  cork  at  the  proper  angles,  and  a  letrahedral  arrange- 
ment is  thus  obUiincd.  These  models  may  be  joined  togettid 
by  slipping  pieces  of  small-bore  rubber  or  lead  tubing  over  the 
ends  of  the  two  pins  which  are  to  be  united. 

Tetrahedra  may  be  cast  in  any  easily  melted  material,  sudi 
as  sealing-wax,  moulds  being  made  from  tin  or  cardboard,  zno 
moistened  to  prevent  sticking.  Knoevenagel '  recommends.: 
mixture  of  one  part  of  turpentine,  one  pari  of  shellac,  ami  ont 
and  a  half  parts  of  precipitated  calcium  carbonate.  Tlii^ 
makes  rather  too  stitfa  mixture  for  casting,  but  the  pio|)ortioni 
may  be  varied  to  produce  the  desired  consistency. 

Cardboard  tetrahedra  arc  made  by  cutting  the  cardboard 
into  the  shape  of  the  figure  below  (t'ig.  83),  foldine  it  along  thr 
dotted  lines,  and  fastening  the  parts  marked  aa ,  bb,  and  /.' 
together  with  paste  or  gum,  a,  b,  and  c  being  kept  inside  tbi 
tetrahedron.  The  three  points  marked  d  come  togelhe; 
and  should  be  made  secure  with  a  little  sealing-wax  : — 
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liis  arrangement  produces  the  ordinary  sharp-pointed  tetra- 
idra,  but  as  in  some  cases  these  are  unsullable,  directions 
r  making  truncated  ones  may  be  given.  The  cardboard 
lould  be  cut  into  the  shape  below  (Fig.  83),  folded  at  the 
>tttd  Unes,  and  then  if  joined  to  ei,  etc.,  as  in  the  last  case. 
his  will  produce  an  incomplete  tetrahedron  whose  four  empty 
)niers  must  be  filled  in  by  pieces  the  shape  of  the  smaller 
jure,  the  flaps  a  being  gummed  inside  the  tetrahedron. 


Wooden  letrahedra  can  be  obtained  from  any  carpenter. 
hey  sliould  have  holes  bored  in  each  ajjcx,  in  the  centre  of 
ich  face  and  edge,  of  a  size  to  fit  the  metal  rods  or  wires 
*ed  to  join  them  together.  It  is  well  to  have  brass  tubes 
mk  in  these  holes,  as  this  prevents  any  splitting  of  the  wood 
hen  strain  is  applied  to  the  wires.  The  most  convenient  sine 
IT  the  telrahcdra  inal)oat  four  inches  mea.satt^AoT\^4c\'^«&i^. 
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We  must  now  consider  the  construction  of  various  benuoel 
models. 

Gncbe's  model  (p.  505)  is  oblained  by  linking  the  ni 
carbon  atoms  together  in  the  way  shown  in  the  i!  lustra  lions. 

Marsh's  model  (p.  506)  is  readily  made  by  drawing  il 
hexagon  upon  paper,  dividing  it  Into  equilateral  triangles,! 
and  placing  a  tetrahedron  upon  each  triangle. 

Vaubel's  formula  (p.  516)  is  most  easily  constructed  fconl 
cardboard  tetrahedra.  As  in  the  Marsh  formula,  a  heugwB 
is  first  drawn;  but  instead  of  the  tetrahedra  beiug  placed i»l 
one  side  of  the  card  on  which  it  is  sketched,  they  are  jilictjfl 
alternately  above  and  below  it.  They  can  be  secured*" 
gum.  When  wooden  tetrahedra  are  ased,  the  linking  n 
be  done  in  such  a  way  as  to  produce  the  required  ligVttV 
the  tetrahedra  being  joined  edge  to  edge. 

Sachse's  formula  (p.  518)  is  best  put  logether  in  lwo5li:pi| 
In  the  first  place,  the  carbon  atoms  arc  attached  to  each  «ktl 
in  two  groups  of  three.  It  is  best  to  use  wires  fixed  along ihel 
edge  of  cardboard  tetrahedra  from  A  to  B,  B  to  C,  and  C  le  KM 
(Fig.  84I.  One  piece  of  wire  should  be  used,  if  }>ossibIf;(l 
may  he  fixed  to  the  edges  of  the  tetrahedra  by  means  of  sealinfB 
wax,  or  by  pasting  a  piece  of  paper  over  ihe  top  of  it. 


We    have   now   got    the    \\ 
tetrahedra ;  and  all  that  is 
with  wires  or  sealing-wax. 
Collie's   benzene   mode 


■o   groups,  each    containing  ihnsB 
necessary  is  to  fix  ihem  logcihal 


(p,  513)  may  be  bought 
Messrs.  Baird  and  Tallock  at  a  cost  of  fifty  shillii^ 
Directions  for  making  il  are  unnecessary,  as  the  illustratic 
given    are   suffident.     'V\i«:  V.<tVi«i\e;i\ia.  to.'m^  \it  ^-i  ^tmI 


bf  cardboard,  with  cork  cores ;  rubber  lubes  represent  the 
Kionds,  which  are  attached  to  the  carbon  atoms  by  means 
Cf  small  rings  and  hooks,  sucli  as  are  used  on  model 
jachls.  Each  carbon  atom  must  be  free  to  revolve  around  its 
support.  I'"or  small  ixiodeSs,  thin  elastic  rei>resents  the  bonds 
K>ctler  than  rubber  tubing,  which  is  not  sufficiently  extensible. 

Models  of  the  two  configurations  of  hexamethylene  have 
Tutii  devised  by  Sachse,'  and  are  constructed  in  the  following 
ii;.mner.  To  make  the  first,  a  piece  of  cardboard  is  cut  into 
i!ii-  shape  shown  in  Fig.  85  ;  six  tetrahedra  of  a  suitable  si/e 
-"ir,.  placed  upon  the  six  shaded  triangles;  and,  after  the  card 
»  .as  been  folded  along  the  lines  BC,  CD,  DE,  EE,  and  EG, 
-Ui  ;ind  GH  are  joined  together. 


'  lie  same  configuration 

Oard  of  the  shaije  showi 

p    the  numbered  triangli 

i^le  of  the  card,  while  those  attached  to 

"^e  other  side. 


olttaincd  by  using  a  piece  of  card- 

n  Fig.  86.    Tetrahedra  are  attached 

those  on  r,  3,  and  5  being  on  one 

and  6  are  on 


r 
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The  other  configuration  is  slightly  more  complicated.  Two 
pieces  of  cardboard  are  required,  which  must  be  cut  into  the 
shapes  shown  in  Figure  87.  Tetrahedra  are  next  affiled  » 
the  shaded  [jarts,  as  before,  and  the  two  pieces  are  joined 


F[G.  87, 

together  in  such  a  way  that  similar  letters  come  logcihtt 
i.e.  a  to  a,  6  to  6,  etc.  The  clearness  of  these  models 
greatly  increased  if  all  the  parts  except  the  tetrabedra  I 
blackened  with  Indian  ink. 
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